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• • ABSTRACT 
Since the jet injection was clinically introduced in 1947, little 
work has been done to evaluate the tissue response to the technique. The 
present investigation compares the tissue reaction of the jet injections 
to that of needle injections. The animal investigation was carried out 
on 30 adult rats, divided into four groups, using a tuberculin syringe 
with a 26 gauge needle on the control side and a Syrijet Mark II on the 
experimental. The first group of 18 rats was injected with saline and 
sacrificed two at a time immediately and at one, two, three, four, six, 
twelve, twenty-four and forty-eight hours. The second group of eight 
rats was injected with saline and sacrificed one at a time at two, 
three, four, six, twelve, twenty-four and forty-eight hours. Prior 
to sacrifice this group received intraperitoneal injections of trypan 
blue at half-hourly intervals for a total of three injections and was 
sacrificed half an hour after the last injection. The third group of 
two rats received trypan blue injections instead of saline and were 
sacrificed immediately. The fourth group of two rats was injected with 
India ink and sacrificed immediately. Stereoscopic and histological 
examination revealed that injected solutions invariably follow the lines 
of least resistance in the connective tissues and muscles. Both 
techniques demonstrate areas of hemorrhage and disruption of connective 
tissue fibres and displacement of epithelial cells into the underlying 
connective tissues. An acute inflammatory reaction and damaged 
. 
connective tissue and muscl e fibres was observed following injection 
techniques. Resolution wa s r,oted in most cases within 48 hours. 
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2. 
The clinical study was conducted on 250 patients aged 4-72 years 
to evaluate the jet injection for pain control in various procedures in 
dental practice. This system has been used for both an anesthetic and 
preanesthetic in conjunction with needle injections. 
Evaluation of the instrument's effectiveness as a sole means of 
providing local anesthesia for all dental procedures such as restorative 
dentistry, minor oral surgery and extractions, endodontic and perio-
dontic therapy, was carried out by an analysis of the replies to two 
questionnaires answered by both the operator and the patient following 
completion of the particular procedure. 
The technique proved to be very satisfactory as a preanesthetic 
prior to needle insertion, for minor soft tissue surgery and for routine 
pedodontic procedures. It has also been demonstrated that jet injec-
tions of local anesthesia was satisfactory for many routine dental 
procedures in adults. Block anesthesia of the inferior alveolar nerve 
was unsatisfactory in all cases and the posterior superior alveolar nerve 
in most cases. Block anesthesia of superficial nerves was achieved 
satisfactorily in most cases. 
INTRODUCTION 
A dile11111a for patients in dental practice is presented by the 
hypodennic needle; it provides the potential for pain relief yet fre-
quently inspires anxiety and fear. Freidson and Feldman (1958) and 
Hollander (1954) point out that one of the reasons for neglecting or post-
poning dental treatment is fear from the "shot" that provides the means 
of administering local anesthesia. Several methods have been suggested 
to minimize patients' anxiety over or fear of needle injections, such as 
the use of topical anesthetic ointments and sprays prior to needle inser-
tion, the use of different techniques in the introduction of needles, and 
the use of sedatives. None of these techniques are completely satisfactory 
in alleviating the fear of the "shot" or needle injection. 
A new approach of parentral injections introduced by Figge and 
Scherer (1947), excited broad interest in the practice of medicine and 
surgery. This technique represented the first fundamental change in the 
basic principles of injection since Alexander Wood introduced the hypo-
dermic injections in 1853. The method is based upon the fact that liquid 
substances forced through very small openings, or jets, at very high pres-
sure can penetrate the skin. The technique is described as the "jet 
injection." Using this technique one can administer substances hypoder-
mically without the use of needles or syringes. 
Since the introduction of this technique to medical practice and 
later to dental practice, numerous studies have been done to evaluate 
its clinical effectiveness. Few studies have demonstrated the tissue 
penetration characteristics and the pattern of penetration. 
3 
, 
• • 
4. 
The present work was conducted in order to study tissue reaction, 
both i111nediate and late, to the high pressure jet and also to study 
clinically the effectiveness of local anesthetics administered by the jet 
injector as the sole means of providing anesthesia for various dental 
procedures. 
• LITERATURE REVIEW 
The jet injector was first introduced to medical practice by Figge 
and Scherer (1947). However, the origin of jet injection can be traced 
back in the medical literature to Beclard (1866), on behalf of H. Galante, 
a French physician, who reported the development of an apparatus for 
"aquapuncture" comprising a syringe by means of which the operator was 
able to exert considerable pressure on the contained fluid, forcing it 
through a small platinum plate pierced with a capillary hole. Modifica-
tions of this method were reported by Servajan (1872) in his writing on 
"douche filiforme." The method was used for injection of cold water to 
cool "nerve filaments" and hot water to raise their temperature. The 
idea of jet injections was then abandoned until Arnold Sutermeister of 
Long Island, New York, a mechanical engineer, observed the effects of 
accidental injections of diesel oil into the hands of workmen when small 
breaks occurred in the high pressure line. SL1termcis~er was accidentally 
struck in the hand by a small stream of water under pressure of 4000 
pounds per square inch. Observing no undesirable effects, he began to 
consider utilizing the principle thus observed for injection of solu-
tions into the human body. In 1933, John F. Roberts, an instructor in 
surgery at Columbia University, in close consultation with Sutermeister 
began experimental work on the principle of jet injection (quoted by 
Pollock etal. (1971), Hingson etal. (1963) and Hingson and Figge 
(1952). After performing experimental injections of methylene blue solu-
tions into pads of paper, cadavers, amputated breasts and extremeties, 
they determined the proper pressures and velocities that were necessary 
s. 
·~ 
to produce the ~ost effective injections. They finally abandoned the 
idea because of the inaccuracies in the regulating mechanisms of their 
instruments. 
6. 
The phenomenon of jet injection was also observed by Marshall 
Lockhart (1936), an engineer from New Jersey, who immediately began to 
develop an instrument for jet injection. He patented his design and 
then sold it to E. R. Squibb & Sons Company in New York, Becton 
Dickinson & Company in New Jersey, and the R. P. Scherer Corporation in 
Detroit. Because of the technical difficulties, legal patent contests 
and a staggering developmental budget, the new development was delayed 
for another decade until R. P. Scherer developed the spring loaded, 
single shot Hypospray*. 
Figge and Scherer reported their preliminary studies in April 1947 
in a paper presented at the American Association of Anatomists meeting 
in Montreal, Canada. The study was done on fresh, unembalmed cadavers 
and was done to determine the depth of penetration, deposition pattern 
and the practical limitations of the method~ The results of this investi-
gation were published in 1947 by Figge and Barnett. The study was done 
on selected anatomic sites of 25 embalmed cadavers, 20 fresh unembalmed 
cadavers, and on 30 living subjects. Materials injected in the cadavers 
were colored solutions, colored oil and colloidal suspensions. In the 
living subjects, 35 per cent diodrast was injected and the pattern of 
penetration studied radiographically. They concluded that the optimum 
spring pressure necessary for the solution to penetrate the human skin 
was 125 pounds per square inch. Also, they found that the solution, 
*ijypospray: R. P. Scherer Corp., Detroit, Michigan 
7. 
after penetrating the skin, follows the lines of least resistance in the 
subcutaneous fat. Intramuscular injections were seen only on the ventral 
surface of the skin as it is thinner than the dorsal surface. Inadvertant 
intravenous injection was also studied on living human subjects by in-
jecting diodrast in front of a fluoroscope screen. In no case was there an 
inadvertant intravenous injection although the injections were made 
opposite superficial veins. 
In 1947 a clinical trial was carried out by Hingson and Hughes. 
They injected 0.25 ml of procaine with 1:25,000 epinephrine to anesthe-
tize the skin preparatory to performing either caudal analgesia or spinal 
analgesia. Their results demonstrated that 51 per cent of their patients 
experienced no pain at all with the injection, 43 per cent experienced 
mild pain but much less than the pain of a 26 gauge hypodermic needle, 
four per cent experienced very slight pain associated with superficial 
minor skin cuts and two per cent felt more pain with the jet than with 
that of a 26 gauge needle. In four per cent of the patients "slight 
ecchymosis 11 occurred beneath the site of injection. They concluded that 
there are certain advantages to the instrument, the reduction of fear in 
children compared to that elicited by the syringe and needle, and the 
saving of time and money in pediatrics and military immunization. Also, 
they noted certain disadvantages, those being the cost of the instrument, 
the limited maximum dose, the possible injury to tissues from high 
pressure jet injections, the wider dispersion of the injected material 
and the necessity of using less viscous solutions for certain medications 
so that they can pass readily through the minute orifice of the jet 
injector. 
8. 
Hingson et aZ. (1948) used the Hypospray for injection of penicillin 
in the treatment of gonorrhea. The results of their trial showed that 
water soluble penicillin administered by the Hypospray was as effective 
as that administered by the needle. Hirsh et aZ. (1948) studied the 
blood levels of penicillin and streptomycin administered by the jet in-
jector and compared it to that administered by the conventional method 
in the same patients. They reported detectable concentrations of peni-
cillin and streptomycin in the blood for longer periods of time when the 
drug was administered by the Hypospray. This was attributed to the 
deposition of part of the drug subcutaneously rather than instramuscularly 
which resulted in delayed absorption into the blood stream. The negative 
reactions that occurred with them were similar to those reported by 
Hingson et aZ. (1948), namely, hematoma and blister formations at the site 
of injection. Bleeding and linear cuts were attributed to "improper 
handling during the early use of this instrument." 
The use of the jet injector in pediatrics was reported by Hughes 
et aZ. (1949) for the administration of penicillin, streptomycin, in-
sulin and diodrast. It was found that the drugs administered by this 
technique are as effective as those administered by the syringe and 
needle. Similar to earlier investigations, they noted the absence of 
pain from the injection in most cases and if present it was only a very 
slight pinch. Also they reported that the acceptance by children was 
very satisfactory. No visible damage to the tissues was obvious except 
in the very early stages of use. Cuts and bruises seen were due to the 
slipping of the instrument at the time of injection because the site was 
9. 
not completely dry and the instrument was not held firmly vertically 
against the tissues at the time of injection. Similar observations to 
those described by Figge and Barnett (1947} were noted from the study of 
injected diodrast; however, they reconmended lower spring pressures. 
Following these earlier studies, various investigators used jet 
injectors for different applications: Preston et aZ. (1951} for the 
treatment of various dermatologic diseases, Krohn et aZ. (1951} for re-
ducing post operative rectal pain, Hingson et aZ. (1948} for the manage-
ment of leprosy, eta. It became obvious from these studies that there 
are some problems in the development of the technique, the most important 
one at the time was that jet injectors were single dose jets and 
between each shot it was necessary to remove the empty container and 
insert a filled cartridge by unscrewing and replacing the nose of the 
apparatus. The instruments were slow to refill and difficult to load 
and it was impossible to perform a large number of injections at a rate 
comparable to those obtained with the hypodermic needle. It became 
obvious that there was a great need for the development of a multi-dose, 
automatically loading jet injector. Warren et aZ. (1955} reported two 
types of multiple-dose jet injection syringes; one was manually 
operated and the second a motor driven hydraulic pump injector. They 
were used for vaccination of 1,685 Army inductees with typhoid vaccine. 
The results of the clinical trials with the multiple dose injectors 
were very encouraging, and subsequently, vaccination programs were 
carried out throughout the world again~t poliomyelitis, influenza, small 
pox, typhoid and cholera eta. Anderson et aZ. (1958}, Hingson et aZ. 
(1957 and 1963), Lipson et al. (1958), Elisberg et al. (1956). 
10. 
The first reports of the use of the jet injector to deliver local 
anesthesia in dentistry were by Margetis, Quarantill and Lindberg (1958). 
They used a hand operated, spring-loaded, single shot jet injector with 
a dental tip on 66 patients aged 10-37 yearj, The jet injector was used 
as the sole means of providing infiltration and block anesthesia for 
maxillary and mandibular teeth. All patients denied the feeling of pain 
during the injection. The procedures carried out were either extractions 
or cavity preparations. The dose given was 0.66 ml of two per cent 
xylocaine with 1:100,000 epinephrine. Anesthesia was successful in 87 
per cent of the cases and an additional jet injection was necessary to 
complete the procedure in those cases where failure was reported. The 
side effects recorded were tenderness over the site of injection, which 
subsided in 24-48 hours, and bleeding which was easily controlled by 
physical pressure. Laceration of the oral mucosa was noted in those 
cases when the tip of the jet injector was not placed at right angles to 
the tissues. 
Kutscher et at. (1964) used a foot operated, multi-dose jet injec-
tion unit developed by the U. S. Army and adapted for oral use. They 
injected 0.2 ml of xylocaine with 1:100,000 epinephrine prior to needle 
injection. Most of the patients reported the absence of pain from the 
jet injection and none reported any pain with the needle injection. No 
side effects were noted apart from some blood oozing at the site of 
injection. Kutscher and Zegarelli (1965) used a jet injector device on 
14 patients as the sole means of delivering local anesthesia prior to 
subgingival curettage. The instrument was found to be very useful for 
' 
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this procedure. It was also used on 42 patients for anesthetizing soft 
tissues prior to needle injection and was reported to be very successful. 
As the apparatus was cumbersome and noisy, some of the patients were 
apprehensive. Bleeding and lacerations were observed at the site of in-
jection in some patients, but were not alarming. 
The first reports of a histological study of the use of jet in-
jectors in the oral cavity was by Kramer (1962) at the International 
Association of Dental Research Meeting. The results of that investigation 
and a clinical trial were published by Stephens and Kramer (1964). The 
histological study was done on maxillae, mandibles, and anterior 
abdominal walls obtained from the mortuary ~as fresh as possible.'' The 
tissues were injected with India ink using a Dermo-Jet* and a jet in-
jector designed by Stephens, and as a control, syringe injection was 
given using a 26 gauge needle. The specimens were cleared and studied 
under a stereoscope before cutting serial histological sections. With 
the needle injections the entry wound took the form of a small cut and 
the outline of the fluid in the subcutaneous tissue was clear cut with 
coarse extension from the main mass of fluids. In the case of the jet 
injections, however, the entry wound was slightly irregular and the fluid 
tended to spread laterally forming an irregular disc in the subcutaneous 
tissue which had an indistinct or feathery outline. Histologically, the 
fluid introduced with the needle tends to spread along relatively coarse 
paths of least resistance, while the fluid introduced with the jet mixes 
''more intimately'' with the fibrous ttssue. No damage of the fibre bundles 
was observed histologically in thjs experiment. It was also noted that 
*Dermo-Jet: Distributed by Louis A. Awamy, Staten Island, New York 
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with both types of injections the spreadir.g pool of fluids flowed around 
encapsulated tissue components, e.g. blood vessels and epithelial adnexa, 
and showed little tendency toward penetration, and that the fibrous layers 
of the periosteum formed a barrier to direct penetration of the bone. No 
data was presented on the clinical trial of the instrument, yet in the 
preliminary trials Stephens and Kramer reported "the striking finding of 
almost complete absence of pain during injection." 
Epstein (1965) did an autopsy and a clinical study of jet injections. 
He injected radiopaque material into six fresh autopsy subjects at several 
anatomical areas of the jaws and some articular joint spaces using a 
single dose jet injector. His observations from the x-rays showed that 
the manner in which the solution localizes is related to the resistance 
that is meets in passing through the tissues. In his clinical study he 
concluded that the technique is useful for administering local anesthesia 
"in selected areas." The patients' acceptance was "favorable" with no 
clinical observations of any traumatic damage to tissues. 
Kutscher et al. (1965) studied the possible harmful effects of the 
jet injection when imporoperly used. The study was done on the oral 
mucosa of rabbits, with the tip of the injector held about one 
millimeter away from the oral mucosa during the firing procedure. More 
bleeding and laceration were observed with this faulty technique. The 
bleeding was considered minimal and was controlled easily by physical 
pressure. Laceration was also found to be of minimal significance and 
healed uneventfully in the succeeding days. 
A detailed clinical study was done to evaluate the jet injection 
in pedodontic patients for the first time by Schmidt (1966). The youngest 
13. 
patient studied by previous investigators was ten years of age. His 
study was done on patients aged 2-16 years with bilateral dental 
problems. One milliliter of anesthetic solution was deposited on one 
side with a needle syringe injection and on the opposite side by the jet 
injector. In this series the jet injector was used as the sole means of 
providing infiltration or block anesthesia. A detailed statistical 
analysis was done on the patient's preference, response of tissue, 
effectiveness of anesthesia and the investment in time and cost. He 
found that in spite of the negligible pain from both techniques, 81 per 
cent of the children preferred the jet injection and seven per cent stated 
no preference. The incidence of pain during operative procedures, 
whether surgery or conservative dentistry, was insignificant; two cases 
reported pain from the procedure following needle injection and one case 
following the jet 1njection. 
Garallek (1967) used the Panjet* for anesthetizing the oral mucosa 
prior to needle injections. The injections were given in the buccal 
and labial sulci of the upper jaw, mandibular sulcus and palatal mucosa. 
He discontinued the buccal and labial sulci injections because of 
laceration and bleeding from the oral mucosa. He reported that after 
the injection of 0.1 ml of anesthetic into the buccal and labial sulci 
and the long buccal nerve area, ballooning of the tissues was observed 
which averaged seven millimeter in diameter. The width of the anesthe-
• tized area was 15 nun and the depth was five millimeters. No ballooning 
was observed with the palatal infiltration; the Width of anesthesia here 
was ten millimeters. Mandibular sulcus injections showed 10-15 mm depth 
*Panjet: Panray Division, Ormont Drug and Chemical Co. 
~ Englewood, New Jersey 
• 
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of anesthesia and five millimeters width. In all cases the introduction 
of the hypodermic needle was painless. The jet injector was used as a 
sole means of providing anesthesia for placement of rubber dam clamp and 
gingival retraction. The technique was also used to incise small abscesses 
as the force of the spray was enough to make a small incision to drain 
the abscess. 
Whitehead and Young (1968) did a histological, bacteriological and 
clinical assessmertof the Panjet. The histological study was done on 
post-mortem human material with India ink injections. Injections were 
carried out in the labial sulcus over the upper incisors and the anterior 
and posterior parts of the palate. The breach in the epithelium was 
0.33 to 0.57 rrvn. The lateral spread and depth of penetration were least 
in the anterior part of the palate. The solution was observed to follow 
tissue spaces with minimal disruptions of cellular elements. Bacteria-
logically the tip of the instrument was found to be contaminated in most 
of the cases even after wiping it off with chlorhexidine. No contamina-
tion of the reservoir of the local anesthetic during use was detected. 
The clinical assessment was done on 50 patients aged 10-63 years of age. 
The technique was used prior to needle insertion and proved successful 
in all cases. The diameter of the anesthetized area was less than ten 
millimeters in ten per cent of the patients, 10-40 mm in 62 per cent and 
40 nun in 28 per cent of the cases. Seventy-eight per cent of the patients 
preferred the jet technique and eight per cent had no preference. 
A comparison between three types. of dental jet injectors, the 
Dermo-Jet, the Panjet-70 and the Syrijet Mark II* was done by Pollock, 
*Syrijet: Mizzy Inc., Clifton Forge, Virginia 
* 
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Crasson and Milling in 1971. The performance and the penetration of the 
drugs was similar in all types. The difference was that the Syrijet 
accepts the 1.8 standard anesthetic carpule and the amount of solution 
injected could be varied from 0.05-0.2 ml. The Dermo-Jet and Panjet-70 
have a chamber that has to be filled with anesthetic solution and there-
fore requires special attention to maintain sterility. The technique 
of jet injection was found to be safe and reliable in producing total 
mucosal anesthesia in all cases. Occasionally, tooth anesthesia could 
be obtained without a supplementary hypodermic injection in areas where 
the nerve surfaces from the bone. 
In a clinical trial on 500 patients, Bennett and Manheim (1971) 
studied the effectiveness of local anesthesia given by the jet injector 
in all areas of the oral cavity. In 400 patients it was the sole means 
of providing anesthesia for the hard and soft tissue structures, and in 
100 patients it was used to provide "topical anesthesia" prior to the 
conventional needle insertion. The dental procedures carried out in-
cluded minor oral surgery (single tooth extraction, cyst removal), perio-
dontal surgery (gingivectomy and scaling), and endodontic therapy. They 
concluded that the instrument is quite useful in providing "topical 
anesthesia" in all areas of the oral cavity, in areas where infiltration 
anesthesia is ordinarily successful and for greater palatine, naso-
palatine, long buccal and mental nerve blocks. The instrument was not 
found applicable for anesthetizing the posterior superior alveolar, in-
ferior alveolar and incisive nerves, because the solution cannot be 
. 
directed through the tissues and has limited depth of tissue penetration . 
.; 
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Bennett, r-tundell and Manheim (1971) studied the tissue penetration 
characteristics of the jet injector. Materials injected were radiopaque 
dye, one per cent trypan blue and various concentrations of isobucaine 
hydrochloride (Kincaine) and meprylcaine hydrochloride (Oracaine). Their 
results showed that, with the exception of injections made over bone, 
circumferential spread and depth of penetration are in direct relation-
ship with the volume injected. Injections made directly over the bone 
tend to spread laterally and the solutions were found to move away from 
bone. Histological examination of tissues injected with local anesthetics 
showed moderate to severe inflammation when compared with saline injec-
tions. Areas of hemorrhage, damaged muscle fibres and myositis were also 
observed. The damage was more severe with higher concentrations of local 
anesthetics especially with those containing epinephrine. 
Arefian, Henry and Whitehurst (1972) evaluated the jet injector on 
53 volunteer patients. The instrument was used to provide "topical 
anesthesia" prior to syringe needle injection. Twenty-seven patients 
were given the injection with the tip of the instrument touching the 
oral mucosa, and twenty-six patients were given the injection with the 
tip held one - three millimeters from the oral tissues. Their data 
showed that failure of effective anesthesia prior to local injection 
was reported as 72.7 per cent in the area of the inferior alveolar nerve, 
60 per cent in the mental foramen area, 75 per cent in the long buccal 
area and as 21.3 per cent in the maxilla. Also, the patients in this 
study did not accept this method of prbducing anesthesia. They 
suggested the use of 0.05 ml to reduce the bleeding and trauma from the 
jet injector. 
.. 
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Bell, Traeger and Hanson (1971) histologically studied the jet 
injection of two per cent xylocaine solution into the oral mucosa of a 
mixed-breed dog. They demonstrated the splitting of the connective 
tissue fibres in the lamina propria. Variations in the amount of in-
jected solutions failed to demonstrate any marked differences in the 
degree of tissue splitting. 
Epstein (1971) published the results of two year~ clinical trial 
on the jet injector, where the instrument was used approximately 2,500 
times on patients aged between 6 and 90 years. Two per cent solution of 
xylocaine with 1:100,000 epinephrine was used. The amount injected was 
•• 
0.2 ml when used as a sole means of administering anesthesia and 0.1 or 
0.15 ml for 11 topical anesthesia 11 prior to needle syringe injection. He 
found that effective anesthesia could be produced by jet injection for 
cavity preparation in all deciduous teeth and in most cases in permanent 
maxillary anterior and premolar teeth; also for uncomplicated extractions 
of loose permanent teeth and deciduous teeth with resorption of two-
thirds of their roots. Anesthesia was very successful in placing a 
rubber dam clamp or a matrix around a tooth, for incisions of abscesses, 
subgingival curettage and for limited gingivectomy. In all cases when 
the syringe needle injections were useds the oral mucosa was anesthetized 
sufficiently to permit painless passage of the needle into the tissues. 
No undesirable side effects were noticed apart from small hematoma or 
slight post-operative pain at the site of injection. 
Ikehara et aZ. (1972) compared the jet injection and needle 
syringe injection techniques in the production of edema fluid in the 
.; 
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subcutaneous tissues of rat thighs. They used a quantitative method of 
measuri_ng percentage loss in weight for desiccated biopsy specimens. A 
histological study was also performed to compare the two types of in-
jections. No difference could be observed histologically between both 
techniques. The findings were acute inflammatory cellular infiltration 
and separation of fibres in the connective tissue. It was noted that 
the amount of edema produced by the jet injection is less than that 
produced by needle injection. 
The problem of inadvertant intravenous injection was studied by 
Figge and Barnett (1947), Hughes et al. (1948), Stephens and Kramer (1964), 
and Bennett et al. (1971) using various techniques. The results of these 
various investigations showed that unless a large blood vessel is very 
superficial and present directly in the path of the jet, no intravenous 
injection could take place. Stephens and Kramer {1964), and Bennett 
et al. (1971): showed histologically that injected dyes never penetrate 
the lumen of the blood vessels and are seen only in the adventitia of 
these vessels. 
Gibson and Norris {1958) reported that needles thrust through skin 
commonly core out fragments of epithelium. These fragments could be 
injected into the subcutaneous tissues. Cawson {1959) from histological 
examination of needle tracks, found that epithelial cells are displaced 
into the subcutaneous tissues. He also found that if the needle had 
entered obliquely, a considerable length of the superficial part of the 
epithelium was raised from its deeper attachment. The fate of these 
displaced epithelial cells is not fully understood. Toller {1967) and 
Thompson (1960) found that buried dermis grafts first undergo cystic 
transformations and later these minute cysts completely degenerate. 
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Direct microscopic examination of India ink-filled vessels in 
cleared specimens has been carried out by Keller and Cohen (1955} and 
Kramer (1960}, Clynes (1972} and Bloom (1972}. Microscopic examinations 
' of cleared specimens injected with India ink have been reported by 
Stephens and Kramer (1964}. The technique offers a good visualization 
of the ·distribution of injected materials into the tissues in three 
dimensions prior to histological examination. 
Intravital staining of tissues has been studied by many investi-
gators. Swigart and Williams (1952} found that skeletal and cardiac 
muscles are not stai. ed by vital dyes and that the staining of col-
lagenous fibres was diffuse with no granular accumulations. Also, no 
significant staining of the connective tissue fibres was observed with 
either the inject ·ion of small amounts of trypan blue for sever-al days or 
the injection of large amounts just prior to death. 
Williams and Frantz (1948} and Williams (1948, 1950} state that 
vital dyes are bound to damage cells and that if cells undergo necrosis 
the dye in the cytoplasm becomes aggregated into p~rticles which appear 
to be bJund to the disintegrating cytoplasm. They concluded that, with 
the exception of excretory cells, the presence of the dye within the cell 
is atypical and indicates injury. It has also been shown that acid diazo 
dyes are deposited in the cytoplasm of macrophages~ excretory cells and 
in damaged and necrotic cells. 
Stallard and Schaffer (1962} in a study of vi tal staining of the 
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periodontium of white mice used two techniques: 1) Subcutaneous injection 
of 0.1 ml of a one per cent solution of trypan blue daily for six days 
and 2) Intraperitoneal injections of 0.5 ml of two per cent trypan blue 
every half hour for a total of three injections and sacrifice of the 
animal half and hour after the last injection. Overstaining occurs with 
the short-term injected animals, much of which is lost during histologic 
preparation. However, the tissue bound dye is not lost. Histologic examina-
tion of the tissue revealed that macrophages, damaged tissue cells and 
damaged epithelial cells are stained with vital dyes. Stallard concluded 
that the specificity of vital dyes for damaged cells can be utilized to 
follow injury and repair in experimental periodontal tissues. The same con-
clusions, with regard to other tissues, were also reached by Williams 
(1948 and 1950). 
In reviewing the literature it was found that the investigators' 
main concern was to study the clinical effectiveness of the instrument. 
Some studies were done on the tissue penetration characteristics and 
still fewer studies on the immediate reactions of the tissues to jet 
injections. In view of this and especially with the new develoDment of 
instruments for clinical use, two questions arise. First. To what 
extent are the underlying tissues damaged by the high pressure jet 
injections? Second. What are the limitations for the clinical use of 
the jet injection in dental practice, and can it replace the needle 
injection? The present study was conducted in two parts in an effort to 
answer these two questions. 
l. An animal investigation was carried out in order to study the 
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tissue reaction and tissue damage, if any, at variable periods 
of time from the time of injection. 
2. A clinical trial to evaluate the effectiveness of local 
anesthesia administered by the jet injector as a sole means 
of providing anesthesia for different dental procedures. 
METHODS AND MATERIALS 
This study was conducted in two parts: I. An animal investiga-
tion on rats and II. A clinical trial with the use of jet injection as 
the sole means of providing local anesthesia in humans. 
The instrument utilized in this study was a Syrijet Mark II 
(Fig. 1) and a sterile disposable tuberculin syringe with a 26 gauge 
needle (Fig. 2). The Syrijet was used for the following reasons: 
1. Ikehara et aZ. (1972) tested and compared the reliability of 
the dosage delivered by the two instruments and found that both 
were reliable with respect to the folumbes delivered. 
2. With Syrijet Mark II, the volume of the injected solution 
could be varied from 0.05-0.02 ml, a feature not present in 
other multiple-dose, manually operated jet injectors. This find-
ing has been confirmed by Pollock Crasson and Milling (1971). 
2. The Syrijet Mark II is the only multiple-dose manually operated 
jet injector that accepts the regular 1.8 ml carpule and there-
fore no special attention is required for sterilization of the 
instrument (Pollock, Crasson and Milling, 1971). 
The Syrijet Mark II is a jet injector with a spring pressure of 
70 pounds per square inch, orifice size of 0.0006 inch and a fluid 
pressure at the orifice of 2000 pounds per square inch. 
I. Animal Investigation_ 
The study was carried out on 30 rats divided into four groups: 
. 
A. Group 1, of eighteen rats was injected with saline and sacrificed 
two at a time immediately and at the following intervals: one, 
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Figure 1 
Photograph of a Syrijet Mark II showing a rubber tip 
in ~lace over the instrument head (A), a local anes-
thetic carpule (B), the plunger rod (C), the cocking 
handle (D), the calibrated volume control knob (E), 
and the trigger (F). 
23. 
Figure 2 
Photograph of a disposable tuberculin syringe fitted 
with a 26 gauge needle utilized in this study. 
24. 
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two, three, four, six, twelve, twenty-four and forty-eight hours . 
B. Group 2, of eight rats was injected with saline and sacrificed one 
at a time at the following intervals: two, three, four, six, 
twelve, twenty-four and forty-eight hours. This group received 
one milliliter of two per cent trypan blue intraperitoneally at 
one-half hour intervals for a total of three injections, and were 
sacrificed one-half hour after the last injection. One animal did 
not receive saline injections and was used as an additional control. 
C. Group 3, of two rats was injected with one per cent trypan blue and 
sacrificed invnediately. 
D. Group 4, of two rats was injected with India ink and sacrificed 
immediately. 
The injection sites were thighs, shoulders and the head over the 
parietal bones. The right side was utilized as the experimental side 
where the jet injections were given and the left side served as a control 
where a needle syringe injection of similar quantity and solution was 
given. The areas of injection were first shaved and then cleaned with 
soap and water and swabbed with 70 per cent ethyl alcohol. An area of 
approximately one square centimeter was marked over the skin of both 
thighs and shoulders, and an 0.5 square centimeter over the skin of the 
head as far laterally as possible. The injections were given in the cen-
ter of the marked areas. 
A. Group l: All rats in this group were first anesthetized with 
ether and then received an injection of 0.2 ml of normal saline 
in the thighs and shoulders and 0.05 ml in the head over the 
parietal bones. At the timed intervals, the rats were again 
• 
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anesthetized and a cut down on the femoral vein was carried out . 
Ten milligrams of heparin in one milliliter of distilled water 
was injected intravenously. After two minutes, the chest was 
opened, the heart exposed, a needle put into the left ventricle, 
the right atrium snipped and the animal perfused with neutral 
buffered formalin. Perfusion was continued for five minutes after 
clear fluid started to ooze from the right atrium. The skin of 
the animal was pinned along the markings to the underlying muscle 
to maintain the relationship between it and the underlying tissues. 
The skin, subcutaneous tissues, muscle and bone were cut on 
the outside ring of the pins and fixed in neutral buffered formalin 
for 48 hours. Specimens were then decalcified in 20 per cent 
formic acid. After decalcification, the pins were removed and 
the specimens washed in running water for four hour~. Specimens 
~ere then placed overnight in 80 per cent alcohol and the follow-
ing day processed as follows: 
- 80 per cent alcohol for one hour · 
- two changes of 95 per cent alcohol for one hour each 
- third change of 95 per cent alcohol for two hours 
- two changes of absolute alcohol for one hour each 
- third change of absolute alcohol for two hours 
- first change of Dioxane overnight 
- second change of Dioxane for one hour 
- three changes of Paraplast for one hour ·each 
- fourth change of Paraplast overnight 
• 
- embeddin.g in Paraplast • 
Six to eight micron serial sections were cut and stained with 
Harris hematoxylin and eosin. 
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B. Group 2: Preparation of sites of injections and the quantity of 
injected solutions were the same as in Group 1. Two hours be-
fore the scheduled time of sacrifice, the animals were injected 
with one milliliter of two per cent trypan blue intraperitoneally 
at one-half hour intervals for a total of three injections. Half 
an hour after the last injection the animals were sacrificed 
using a similar procedure to that described for Group 1. 
Lavdowsky's solution was used as a fixative in this group instead 
of neutral buffered formalin described for Group 1. Histological 
preparation of the specimens was also the same as that described 
for Group 1 with the exception of the cutting of the sections. 
In this group, serial sections were cut at 15 microns and every 
fifth section a 6-8 micron section was obtained. The 15 micron 
. 
sections were examined without counterstaining and the 6-8 micron 
sections were stained with hematoxylin and eosin and examined. 
C. Group 3: In this group, two rats were injected with 0.2 milli-
liters of a one per cent solution of trypan blue in, the thighs 
and shoulders and with 0.05 milliliters in the head. The sites 
of injection and preparation prior to inject on were the same as 
described for Group 1. The animals were ~· .:rificed similarl 1 t o • 
those described in Group l, but using Lavdowsky's solution as a 
fixative. The specimens were· then processed in a similar manner 
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to that described for Group 2. 
D. Group 4: This group of rats was injected with 0.2 ml of India 
ink in the thighs and shoulders and 0.05 ml in the head. Prepara-
tion of the site of injections was the same as in Group 1. The 
animals were then sacrificed immediately with an overdose of 
ether. The thighs, shoulders and head were cut and fixed in a 
neutral buffered formalin. The specimens were then decalcified 
in 20 per cent solution of formic acid. All specimens were cut 
into one millimeter thick sections parallel to the skin surface. 
The specimens were then washed in running water for four hours 
and processed as follows for clearing: 
- one change of 80 per cent alcohol for half an hour in a vaccum 
oven under a negative pressure of 25 pounds per square inch . 
- two changes of 95 per cent alcohol for half an hour each in a 
vaccum oven under the same pressure. 
• 
two changes of absolute alcohol for half an hour each in a 
vaccum oven under the same pressure. 
one change of Benzene for half an hour in a vaccum oven under 
a negative pressure of 15 pounds per square inch. 
- specimens then left in equal parts of methyl benzoate and 
benzyl benzoate overnight and examined with a stereoscope the 
following day. 
- three changes of Paraplast for one hour each. 
- embedding in Paraplast. 
Six to eight serial sections were cut and stained with hematoxylin 
and eosin. 
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II. Clinical Trial 
The jet injector used in this clinical trial was identical to the 
one used in the animal investigation, namely, a Syrijet Mark II. The 
Syrijet was utilized and maintained as specificed by the manufacturer. 
The study was carried out on 250 patients aged 4-72 years undergoing the 
following dental procedures: 
A. Minor Oral Surgery: 
l. Extraction of deciduous and permanent teeth. 
2. Abscess incisions. 
3. Minor soft tissue surgery. 
B. Restorative Dentistry: 
l. Cavity preparation on permanent teeth. 
2. Placement of matrices for fillings. 
3. Placement of rubber dam and clamps. 
C. Pedodontics: 
l. Cavity preparations on deciduous and permanent teeth. 
2. Placement of matrices for fillings. 
D. Periodontics: 
l. Deep scaling and root planning. 
2. Subgingival curettage. 
3. Gingivectomy. 
E. Endodontics: 
1. The placement of rubber dams and clamps. 
2. The opening of reot canals, pulp removal, reaming and 
filing in the first visit only. 
Two forms were prepared; a sample of each one appears in the 
appendix: 
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Form number I or patient's questionaire form. This form was to be 
filled in by the patient when he was first seen. 
Form number II or operator's form. This form was to be completed 
by the operator. 
The jet injector was used as a sole means of delivering local 
anesthesia to the patient. The local anesthetic used was a two per 
cent solution of lidocaine hydrochloride (xylocaine) with 1:100,000 
epinephrine. The quantity of anesthetic given was 0.2 ml or 0.05 ml 
depending on the site of injection. For injections in the palate, 
attached gingiva and lingual mucosa, a dose of 0.05 ml was selected. 
An 0.2 ml anesthetic solution was delivered in all other areas of the oral 
mucosa. A second dose of the same quantity was delivered if the 
operator felt that the anesthesia was not effective. If, after the 
second injection, the aneithesia was considered insufficient it would be 
deemed 11 unsatisfactory 11 and a syringe needle· injection of local anesthesia 
would be carried out in the usual manner. If the passage of the needle 
into the tissues in these cases was painless, the instrument would be 
considered "satisfactory" for delivery of "topical anesthesia." The jet 
injector was considered 11 satisfactory 11 for local anesthetic injection if 
the area to be anesthetized was numb, insensitive to probing and the 
patient did not compalin of pain during instrumentation. The area of 
injection was inspected immediately after the injection and before the 
patient left the operatory. All observations noticed at that time were 
• 
noted, and the patients were asked about any other side effects at the 
next appointment. 
The jet injector was used for the following types of anesthesia: 
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1. Posterior superior alveolar nerve block: The injection site 
was located in the usual manner and the instrument was placed 
in the buccal sulcus, as high up as possible, at right angles to 
the mucosa with the tip directed upward, backward, and inward. 
2. Greater palatine nerve block: The injected site was located in 
the usual manner; the tip of the instrument was placed perpen-
dicular to the mucosal surface of the palate at the site of in-
jection. 
3. Naso-palatine nerve bl ock: The Syrijet was placed over the in-
cisive papilla. 
4. Inferior alveolar and lingual nerve block: The injection site 
was located in the usual manner and the tip of the instrument 
was placed perpendicular to the oral mucosa and directed to a 
point midway between the anterior ·and posterior borders of the 
mandible. 
5. Long buccal nerve block: The jet injector was placed either 
in the retro-molar triangle or distal to the distal root of the 
toot~ to be operated upon, in the buccal sulcus, at right 
angles to the mucosa. 
6. Mental and incisive nerve blocks: The mental foramen was 
located in the usual way. The instrument was then placed 
directly over the mental foramen with the tip aiming downward, 
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forward and inward. Care was taken to insure that the instrument 
tip was perpendicular to the oral mucosa. After the injection 
was given, the area was massaged counterclockwise to force as 
much of the solution into the canal as possible. 
7. Infiltration anesthesia: Early in the study the jet injector 
was placed opposite the apex of the tooth to be operated upon 
on the buccal or labial side, and 2-3 mm away from the gingival 
margin on the lingual or palatal side. Later the instrument 
was placed 1-2 nvn apical to the muco-gingival junction buccall.Y 
or labially. 
8. Soft tissue infiltration anesthesia: This term will be used 
whenever anesthesia of the soft tissues only was desired as 
e.g. infiltration anesthesia of part of the cheeck or lip 
mucosa, the gingiva, or the lingual mucosa. 
The injection site was swabbed with steril~ gauze to remove any 
saliva, mucus or debris, and then disinfected with 70 per cent ethyl 
alcohol. Early in the study, the tip of the Syrijet was placed over the 
mucosa; however, later it was decided to air dry the area before placing 
the jet injector. The orifice was placed gently in direct contact with 
the tissues at the injection site and the trigger squeezed, making sure 
that the instrument was held motionless at the moment of injection. 
RESULTS 
A. Animal Investigation 
The reaction of the tissues to both needle and jet injections 
as well as the distribution of the injected material within the 
tissues was studied on 30 adult rats divided into four groups. Table 
I describes t~e distribution of these animals. The results of the 
observations made are reported below by groups. 
1. Group 1 
This group of animals received saline injections in the thighs, 
shoulders and head and were sacrificed at zero, one, two, three, 
four, six, twelve, twenty-four and forty-eight hours. Serial 
histological sections were obtained and stained with Harris 
hematoxylin and eosin. 
a. Zero-hour: Examination of serial sections from areas in-
jected with the Syrijet showed that the jet spray penetrated 
the epidermis as a fine column of fluid tearing the surface 
epithelium and pushing it inwards toward the connective 
tissue. After penetrating the epidermis it began to spread 
laterally, as well as deeply, in the underlying connective 
tissue causing its disruption (Fig. 3). Torn epithelial 
cells were seen in the connective tissue and it .appeared that 
these epithelial cells were forced in by the jet spray 
(Figs. 4 and 5). 
The path of the conventional needle was clear cut and 
wider in diameter than that of the Syrijet. The connective 
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Number 
of Rats . 
--------
Group 1 18 
Group 2 7 
1 
Group 3 2 
Group 4 2 
TOTAL 30 
... 
' 
Table I 
DISTRIBUTION OF ANIMALS 
Material Time of 
Injected Sacrifice Remarks 
Saline 0, 1, 2, 3, 
4, 6, 12, 24, 
and 48 hours 
Saline 2, 3, 4, 6, Intraperitoneal injec-
12, 24, and tions of 1 ml of 2 per 
48 hours cent trypan blue 
- 2 hours As above 
1% Trypan 
Blue Immediately 
India Ink Immediately 
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Zero hour photomicrograph of a jet injection of saline. 
Note the disruption in both the connective tissue and 
muscle fibres. Magnification 50X. 
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Figure 3 
Zero hour photomicrograph of a jet injection of saline. 
Note the disruption in both the connective tissue and 
muscle fibres. Magnification SOX. 
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Figure 4 
Figure 5 
Figures 4 and 5 
Photomicrographs of displaced epithelial cells into the con-
nective tissue following jet injection. Figure 5 is a higher 
magnification of the area marked. This is a zero hour specimen, 
notice the disruption of the connective tissue fibres with few 
inflammatory cells present. M~gnifications SOX and 125X. 
Figure 4 
Figure 5 
Figures 4 and 5 
Photomicrographs of displaced epithelial cells into the con-
nective tissue following jet injection. Figure 5 is a higher 
magnification of the area marked. This is a zero hour specimen, 
notice the disruption of the connective tissue fibres with few 
inflammatory cells present. Magnifications SOX and 125X. 
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tissue and muscle fibres were also disrupted from the de-
posited solution (Figs. 6 and 7). Epithelial cells were 
also seen deposited in the underlying connective tissue 
(Fig~ 8 and 9). Apparently the tip of the needle had torn 
some epithelial cells during penetration which were carried 
into deeper tissues and were forced during the injection into 
the connective tissue. 
In all specimens the connective tissue showed signs of 
the initial stages of inflammation; namely, dilation and 
engorgement of the blood vessels. It was difficult to ascer-
tain whether the disruption of the connective tissue fibres 
and the separation of muscle fibres was due to the forced 
penetration of the fluid or to the accumulation of inflamma-
tory exudate; however, it was probably due to a combination 
of both. Some specimens showed migration of the leucocytes 
in the immediate vicinity of the dilated blood vessels. Areas 
of hemorrhage were observed at the sites of injection in both 
· the needle and jet injections. 
No differences were apparent in the initial reaction 
between the different sites except that the muscles of the 
thighs did not show any reaction at this stage. 
b. One hour: The areas of hemorrhage, the disruption of both 
connective tissue and muscle fibres were similar to those 
observed previously (Fig. 10). The migration of inflammatory 
. 
cells, mainly polymorphonuclear leucocytes, was more obvious. 
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Figures 6 and 7 
Photomicrographs of zero hour specimens demonstrating ·disruption 
of the connective tissue fibres following subcutaneous injection 
in the thigh (Figure 6) and disruption of the muscle fibres 
following intramuscular injection in the shoulder (Figure 7). Note 
space where solution was deposited (S ; . Magnification SOX. 
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Figure 7 
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Figures 6 and 7 
Photomicrographs of zero hour specimens demonstrating disruption 
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of the crinnective tissue fibres following subcutaneous injection 
in the thigh (Figure 6) and disruption of the muscle fibres 
following intramuscular injection in the shoulder (Figure 7). Note 
space where solution was deposited (S). Magnification SOX. 
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Figure 9 
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Figures 8 and 9 
-
Photomicrographs of a displaced core of epithelial cells into 
the connective tissue following needle injection and a .higher 
magnification of the area indicated (Figure 9). This is a 
zero hour specimen, note again the disruption in the connective 
tissue fibres and the relative absence of inflammatory cells. 
Magnificati~ns SOX and 125X. 
. I 
Figure 8 
I~J 
·' 
Figure 9 
Figures 8 and 9 
Photomicrographs of a displaced core of epithelial cells into 
the connective tissue following needle injection and a higher 
magnification of the area indicated (Figure 9). This is a 
iero hour specimen, note again the disruption in the connective 
tissue fibres and the relative absence of inflammatory cells. 
Magn if i cat i .ons SOX and l 25X. 
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igure 10 
Photomicrograph of a cc==-• ne hour specimen fo 11 owing jet 
injection demonstrati g disrupt ion of the connective 
tissue fibres and heme -rrhage within the tissues. 
Magnification l25X. 
Figure 10 
Photomicrograph of a one hour specimen following jet 
injection demonstrating disruption of the connective 
tissue fibres and hemorrhage with1n the tissues. 
Magnification l25X. 
40. 
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The infla11111atory cells were seen to be present near the di-
lated vessels. Engorgement of blood vessels and inflammation 
in the muscle was observed at this stage. 
c. Two hours: No marked differences could be observed between 
the one and two hour specimens. except for the presence of 
more infla11111atory cells in the tissues (Figs. 11, 12, 13 and 
14). Both the needle and jet injections showed similar 
histologic changes, with the exception that reaction with the 
needle injections were not as diffuse as those seen with the 
jet. 
d. Three and four hours (Figs. 15, 16 and 17): The specimens 
showed marked inflamnatory cell ·infiltrate. The injected 
fluid appeared to be resorbed as evidenced by the absence of 
large cavities in the connective tissue such as those seen in 
the previous specimens. Only slight disruption and separation 
of the fibres were observed due to edema. Changes in the 
hematomas had started to take place and greenish-brown 
h~mosidrin pigment was seen in the center of the hematoma. 
Macrophages were observed engulfing red blood corpuscles in 
some of the specimens examined. 
e. Six hours (Figs. 18 and 19): The histologic changes observed 
in the six hour specimens were similar to those .seen at four 
hours. In these specimens more macrophages were present in 
the area. Also, there appeared to be more inflammatory cells 
in some specimens and the inflammation was more diffuse in-
volving a wider area than seen in the previous specimens. 
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Photomicrograph of a two hour specimen demonstrating 
areas of hemorrhage, acute inflammatory cell infiltra-
tion and dilation and engorgement of blood vessels 
following needle injection. Magnification 125X. 
Figure 11 
Photomicrograph of a two hour specimen demonstrating 
areas of hemorrhage, acute inflammatory cell infiltra-
tion and dilation and engorgement of blood vessels 
following needle injection. Magnification 125X. 
42. 
Figure 12 
Photomicrograph of a two hour specimen following jet 
injection demonstrating acute infl amn tory cell infil-
tration, dilation and engorgement of blood vessels. 
Magnification 125X. 
Figure 12 
Photomicrograph of a two hour specimen following jet 
injection demonstrating acute inflammatory cell infil-
tration, dilation and engorgement of blood vessels. 
Magnification 125X. 
43. 
Figure 13 
Figure 14 
Figures 13 and 14 
Photomi crographs of two hour specimens demonstrating infl amma-
tion in the muscle foll owing intramuscular needle injection 
{Figure 13) and jet injection (Figure 14). Note the disrup-
tion of the connective tissue fibres due to either the 
collection of inflammatory exudate or to the injected 
solution. Magnification SOX. 
' 
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Figure 13 
Figure 14 
Figures 13 and 14 
Photomicrographs of two hour specimens demonstrating inflamma-
tion in the muscle following intramuscular needle injection 
(Figure 13) and jet injection (Figure 14). Note the disrup-
tion of the connective tissue fibres due to either the 
collection of inflammatory exudate or to the injected 
solution. Magnification SOX. 
44. 
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Figure 15 
Photomicrograph of a four hour specimen following a jet 
injection of saline into the head region. Note the 
widespread inflanunation and hemorrhage (H) in the sub-
cutaneous tissue, muscle layers and the underlying 
connective tissues. Magnification SOX. 
Figure 15 
Photomicrograph of a four hour specimen following a jet 
injectiori of saline into the head region. Note the 
widespread inflammation and hemorrhage (H) in the sub-
cutaneous tissue, muscle layers and the underlying 
connective tissues. Magnification 50X. 
45. 
Figure 16 
Photomicrograph of a four hour specimen fJllowing needle 
injection of saline in the shoulder. Note that the in-
flammation is limited to the subcutaneous connective 
tissue and muscle layer while no inflammation is observed 
in the deeper portions of the connective tissue. 
Magnification SOX. 
Figure 16 
Photomicrograph of a four hour specimen following needle 
injection of saline in the shoulder. Note that the in-
flammation is limited to the subcutaneous connective 
tissue and muscle layer while no inflammation is observed 
in the deeper portions of the connective tissue. 
Magnification 50X. 
I .. • •" 
I < ,I 
Figure 17 
Photomicrograph of a four hour specimen following needle 
injection of saline into the head region. Note the dila-
tion of blood vessels, area of hemorrhage (H) and the 
localized inflanmation in the superficial layers. 
Magnification SOX. 
47 ____ _ 
Figure 17 
Photomicrograph of a four hour specimen following needle 
injectiori of saline into the head region. Not~ the dila-
tion of blood vessels, area of hemorrhage (H) and the 
localized inflammation in the superficial layers. 
Magnification 50X. 
47. 
Figure 18 
Figure 19 
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Figures 18 and 19 
Photomicrographs of six hour specimens following saline injec-
tions with the needle (Figure 18) and jet injector {Figure 19) 
in the thigh area. Note the increased number of acute inflanvna-
tory cell . infiltration and the slight disruption of the 
connective tissue due to collection of inflammatory exudate. 
Magnification SOX. 
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F_i gure 19 
Figures 18 and 19 
Photomicrographs of six hour specimens following saline injec~ 
tions with the needle (Figure 18) and jet injector (Figure 19) 
in the thigh area. Note the increased number of acute inflamma-
tory cell, infiltration and the slight disruption of the 
connective :tissue due to collection of inflammatory exudate. 
Magnification 50X. 
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49. 
f. Twelve hours {Figs. 20 and 21): Infla111T1ation was marked in 
most of the twelve hour specimens and was seen to involve the 
underlying muscle fibres. Other specimens showed signs of 
regression of infla111T1ation with a decrease in the number of 
leucocytes in the area. 
g. Twenty-four hou!.!_ {Figs 22 and 23): In these specimens the 
' picture differed. Some specimens showed complete resolution 
with scattered polymorphonuclear leucocytes while others 
showed massive inflanvnation. With the jet injection the in-
flammation was in both the connective tissue and the under-
lying muscle. In the t~igh infla111T1ation was very extensive 
and was present as deep as the underlying bone. The needle 
injections in the thigh showed less severe inflammation mainly 
because of the shallow depth of penetration of the needle. 
h. Forty-eight hour~: Most specimens examined showed resolution 
at 48 hours. The remaining specimens showed inflammation to 
; 
be still present with a large number of macrophages. The 
muscles of the thigh showed no inflalTlllation and complete 
resolution. Infla1T1T1ation, if present, was limited to the 
subcutaneous tissue only {Figs. 24, 25 and 26). 
2. Group 2 
This group of animals received saline injections in the thighs, 
shoulders and head and were sacrificed at two, three, four, six, 
twelve, _twenty-four and forty-eight hours. Before sacrifice 
these animals received trypan blue intraperitoneally in a dose 
----------
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Figure 21 
-
--
-
• 
·, 
• 
. ' . 
••• 
• -
• 
• 
• 
• •• • • 
• • • • r 
,~:-. 
' • 
. ... 
Figures 20 and 21 
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Photanicrograph of twelve hour specimens demonstrating acute 
inflannation in the subcutaneous connective tissue and muscle 
of the shoulders following needle (Figure 20) and jet injections (Figure 21). Magnification 125X . 
Figure 20 
Figure 21 
Figures 20 and 21 
Photomicrograph of twelve hour specimens demonstrating acute 
inflammation in the subcutaneous connective tissue and muscle 
of the shoulders following needle (Figure 20) and jet injections (Figure 21) ·. Magnification 125X. 
50. 
Figure 22 
Figure 23 
,, 
Figures 22 and 23 
Photomi crogra phs of 24 hour s pee i mens demonstrating acute 
myositis following intramuscular needle injection in the 
shoulder (Figure 22) and jet injection in the thigh (Figure 
23). Magnification 125X. 
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Figure 22 
Figure 23 
Figures 22 and 23 
Photomicrographs of 24 hour specimens demonstrating acute 
myositis ·follmving intramuscular needle injection in the 
shoulder (Figure 22) and jet injection in the thigh (Figure 
23). Magnification 125X. · · 
Figure 24 
Figure 25 
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Photomi crograph~ of ~8 hour specimens following sali e i r"ljec -
tions i n the th1gh \'11th the needle (Fi gure 2 ) n t e j~t 
injector (Fi gu re 25) ith a relative decrea se in the umber of 
acute i nflanrna tory cells when compared to Fi gur s 15 and 16 . 
Magni fication SOX. 
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Figure 24 
- , .. 
Figure 25 
-. 
Figures 24 and 25 
Photomicrographs of 48 hour specimens following saline injec-
tions in the thigh with the needle (Figure 24) and the jet 
injector (Figure 25) with a relative ~ecrease in the number of 
acute inflimmatory cells when compared to Figures 15 and 16. 
Magnification SOX. 
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A 
Figure 26 
Photomicrograph of a forty-eight hour specimen under-
goin~ resolution. Note the presence of macropha~es (A) 
and (B} with foreign body material present in (B). 
Magnification 200X. 
8 
A 
Figure 26 
Photomicrograph of a forty~eight hour specimen under-
going reiolution. Note the presence of macrophages (A) 
· and (B) with foreign body material present in (B). 
Magnification 200X. 
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of one milliliter of two per cent solution at half hour intervals 
for a total of three injections and were sacrificed half an hour 
after the last injection. One animal did not receive saline 
injections and was used as a control. Serial sections were cut 
and examined both stained with hematoxylin and eosin and 
unstained. 
In this group the vital dye was taken up by some connective 
tissue and muscle fibres. With jet injections the areas that 
took the trypan blue stain were the most superficial connective 
tissue fibres and the superficial layers of the muscle fibres. 
These areas were shown to be related to the path of the main jet 
stream. With the needle injection, the areas stained by the 
trypan blue could be traced to the path of the needle or the 
disrupted connective tissue and muscle fibres and their immediate 
vicinity. The intensity of the blue stain was reduced with time. 
This difference was very obvious between the twelve, twenty-four 
and forty-eight hour specimens. The only difference seen be-
tween the jet injection and the needle injection was in the area 
of the blue staining. Jet injections showed a wider area of 
stain than needle injections. No differences in the extent of 
· vital dye staining could be observed between the different sites 
of injections. 
3. Group 3 
Animals in this group received one per cent trypan blue 
injections into the thighs, shoulders and the head region and 
• 
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were sacrificed immediately. Serial histological sections were 
cut and examined both stained with hematoxylin and eosin and un-
stained. 
The injection of one per cent trypan blue directly into the 
tissues demonstrated the extent and the method of spread of the 
injected material. From examination of these sections two ob-
servations were obvious: 
a. The solution injected with the Syrijet appears to follow 
lines of least resistance in both the connective tissue and 
the muscle. After penetrating the skin the blue dye was seen 
to spread over a wide area staining the subcutaneous connec-
tive tissue, the connective tissue between the muscle bundles 
and the most superficial layers of the muscle fibres (Fig. 27). 
b. Most of the solution injected subcutaneously with the needle 
appears to be localized in one area and again a small amount 
followed the lines of least resistance. This was shown by an 
intense trypan blue staining of the connective tissue with 
no staining of the muscle fibres. Instramuscular injections, 
however, showed intense vital dye staining of both connective 
tissue and disrupted muscle fibres (Figs. 28 and 29). 
4. Group 4 
Animals in this group received India ink injections in the 
thighs, shoulders and the head region. Specimens from the in-
jected areas were first cleared and examined with a stereoscope 
and later serial sections were cut and stained with hematoxylin 
and eosin. 
Figure 27 
Photomicrograph of a histological section of jet injection 
of ·trypan blue demonstrating the intense staining of both 
connective tissue and muscle fibres. Magnification lOOX. 
Figure 27 
Photomicrograph of a histological section of jet injection 
of trypan blue demonstrating the intense staining of both 
connective tissue and muscle fibres. Magnification lOOX. 
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Figure 28 
Figure 29 
Figures 28 and 29 
Photomicro~raphs of histological sections of subcutaneous 
(Figure 28) and intramuscular (Figure 29) needle injections 
of trypan blue demonstrating the intense staining of the connective 
tissue fibres in the first and muscle fibres in the second. 
Magnification lOOX. 
Figure 28 
Figure 29 
Figures 28 and 29 
Photomicrographs of histological sections of subcutaneous 
(Figure 28) and intramuscular (Figure 29) needle injections 
57. 
of trypan blue demonstrating the intense staining of the connective 
tissue fibres in the first and muscle fibres in the second. 
Magnification lOOX. 
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Cleared specimens of India ink injections made with the 
Syrijet showed a very irregular and feathery outline in the lateral 
borders of subcutaneous tissue, as well as, within the muscles 
(Figs. 31 and 33). In contrast the needle injections showed a 
regular outline with coarse projections in the subcutaneous tissue 
and feathery outline in the muscle (Figs. 30 and 32). In both 
cases the fluid appears to follow the lines of least resistance. 
The needle injected solution was more or less localized with 
minimal spread of solutic i into the tissues. Jet injections, 
however, showed a more diffuse spread. Also the injected solu-
tion with the jet appears to be in more intimate relationship with 
the tissues and spreads deeper into the muscle layers. Sub-
cutaneous injected solution with the needle does not spread into 
the muscle layers and is washed away easily (Figs. 34 and 35). 
Histological examinations of these specimens demonstrated 
a more diffuse spread of the solution into the tissues with the 
jet injections while with needle injections most of the solution 
was _washed away during preparation and very little of it re-
mained. Also, histological sections of jet injection specimens 
showed the India ink to be more tightly adherent to the connec-
tive tissue with very little of it washed away. This was not 
true with needle injections. Subcutaneous needle injections 
demonstrated no penetration into the muscle layers. The spread 
of solution in the muscle was similar in both types of injections 
. 
as seen in both cleared and histological sections. The solution 
59. 
Figure 30 
Figure 31 
Figures 30 and 31 
Photomicrographs of cleared India ink injected specimens viewed 
from the undersurface of the skin. The outline of the injected 
material is smooth with subcutaneous needle injection (Figure 30) 
and irregular with the jet injection (Figure 31). Magnifi~ation 
17.SX. 
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Figure 30 
Figure 31 
Figures 30 and 31 
Photomicrographs of cleared India ink injected sp~cimens viewed 
from the undersurface of the skin. The outline of the injected 
material is smooth with subcutaneous needle injection (Figure 30) 
and irregular with the jet injection (Figure 31). Magnifi~ation 
17.5X. 
Figure 32 
Figure 33 
Figures 32 and 33 
Photomicrographs of cleared India ink injected specimens showing 
similar feathery outline distribution of the injected material 
in the muscle followin~ intramuscular needle injection (Figure 
32) and jet injection {Figure 33). Magnification 17.SX. 
Figure 32 
Figure 33 
Figures 32 and 33 
Photomicrographs of cleared India ink injected specimens showing 
similar feathery outline distribution of the injected material 
in the muscle following intramuscular needle injection (Figure 
32) and jet injection (F1gure 33). Magnification 17.5X. · 
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Figure 34 
Figure 35 
Figures 34 and 35 
, 
' 
Photomicrographs of cleared India ink injected specimens 
in the head region as viewed from the muscular layer be-
neath the skin. The subcutaneous needle injected solution 
(Figure 34) has not penetrated the muscular layer to any 
extent as compared with th.e jet injection (Figure 35). 
Magnification 17.SX. 
Figure 34 
Figure 35 
Figures 34 and 35 
Photomicrographs of cleared India ink injected specimens 
in the h~ad region as viewed from the muscular layer be-
neath the ski~. The subcutaneous needle injected solution 
(Figure 34) has not penetrated the muscular layer to any 
extent as compared with the jet injection (Figure 35). 
Magnification 17.5X. 
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appears ~o spread along the connective tissue fibres between the 
muscle bundles and also between the individual muscle fibres. 
This observation was seen mainly with intramuscular needle injec-
tions (Figs. 36, 37, 38 and 39). 
No India ink particles were seen penetrating blood vessels 
or nerves in all specimens examined. The India ink particles 
were seen in the connective tissues surrounding blood vessels and 
nerves, even the superficial ones (Figs. 40 and 41). 
B. Clinical Trial 
The jet injector was used as a sole means of providing local 
anesthesia on 250 patients of both sexes. Table II demonstrates 
the distribution of patients and the procedures carried out. 
Immediately following the introduction of anesthetic into the 
tissues, an area of about one square millimeter was blanched. In 
the center of this area was a small hole where the jet had penetrated 
the surface epithelium. Blood was seen oozing out of this small 
puncture. The blanched area disappeared within two minutes and the 
color of the area reddened slightly. After two minutes from the time 
of injection the area was examined for the effectiveness of the local 
anesthetic. Anesthesia was considered "satisfactory" by the operator 
if: 
1. The patient reported the feeling of numbness at the site of injec-
tion and at the area supplied by the nerve which was anesthetized 
(in cases of nerve block anesthesia). 
2. Both areas mentioned in (1) ·are insensitive to .pain as tested by 
probing. 
Figure 36 
Figure 37 
Figures 36 and 37 
Photomicrographs of histological sections of India ink in-jected specimens using the jet injector demonstrating the 
lateral and deep spread following skin penetration (Figure 
36). The spread along the connective tissue between the 
bundles of muscle fibres can be seen in Figure 37. 
Magnification SOX. 
Figure 36 
Figure 37 
Figures 36 and 37 
Photomicrographs of histological sections of India ink in-jected specimens using th~ jet injector demonstrating the 
lateral and deep spread following skin penetration (Figure 
36). The spread along the connective tissue between the 
bundles of muscle fibres can be seen in Figure 37. 
Magnification 50X. 
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64. 
Photomicrographs of histological sections of India ink injected 
specimeni demonstrating a subcutaneous needle injecti-0n (Figure 
38) and intramuscular needle injection {Figure 39) showing the 
spread of the solution is mainly in the connective tissue between 
the bundles of muscle fibres. Some spread between the fibres can 
also be observed. Magnifications 125X and 50X. 
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Figure 39 
Figures 38 and 39 
Photomicrographs of histological sections of India ink injected 
specimeni demonstrating a subcutaneous needle injection (Figure 
38) and intramusculai needle injection (Figure 39) showing the 
spread of the solution is mainly in the connective tissue between 
the bundles of muscle fibres. Some spread between the fibres can 
also be observed. Magnifications 125X and 50X. 
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Figure 40 
Photomicrograph of a histological section of jet injection 
of India ink demonstrating India ink particles surrounding 
blood vessels (A) and a nerve (B). Magnification lOOX. 
Figure 40 
Photomicrograph of a histological section of jet injection 
of India ·ink demonstrating India ink particles surrounding 
blood vessels (A) and a nerve (B). ·Magnification lOOX. 
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Figure 41 
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Photomicrograph of a histological section of jet in-jection with India ink demonstrating a superficial 
blood vessel (A) surrounded by India ink particles. 
Magnification lOOX. 
Figure 41 
Photomicrograph of a histological section of jet in-
jection with India ink dem6nstrating a superficial 
blood vessel (A) surrounded by India ink particles. 
Magnification lOOX. 
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TABLE II 
Distribution of Cases 
Restorative Dentistry 
Minor Oral Surgery 
Endodontics 
Periodontal Therapy 
TOTAL 
96 
120 
11 
23 
250 
• 
-
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3. The operative procedure carried out was painless. 
Table III describes the numbers of deciduous teeth extracted . 
Infiltration anesthesia, both buccally and palatally or lingually, 
was the method employed throughout. For the upper permanent anterior 
and premolar teeth (Table IV), infiltration anesthesia was utilized 
in combination with palatal infiltration, naso-palatine or greater 
palatine nerve block. Palatal injections were satisfactory in all 
cases; buccal or labial infiltrations were satisfactory in 91.5 per 
cent of the teeth extracted. The method of anesthesia used in the 
extraction of upper molars (Table V) was either infiltration or 
posterior superior alveoJar nerve block buccally, and infiltration 
or greater palatine nerve block palatally. Palatal anesthesia was 
satisfactory in all cases except one greater palatine nerve block. 
While anesthesia was unsatisfactory for the extraction of upper 
permanent molars in 44 per cent of the times it was adminstred. 
An analysis of Table V demonstrates that 74 per cent of these failures 
were due to insufficient anesthesia from the posterior superior alveo-
lar nerve blocks. 
For extraction of lower permanent incisors and canines, the method 
of anesthesia employed was either infiltration or incisive nerve 
block (Table VI). Mental nerve block and infiltration were used for 
the extraction of lower premolars (Table VII). Lingual infiltration 
anesthesia was used for the extraction of these teeth, and was satis-
factory in all cases·. Satisfactory anesthesia for extraction of 
. 
permanent lower incisors, canines and premolars was obtained in 
Upper 
Anterior 
Upper 
Molars 
Lower 
Anteriors 
Lower 
Molars 
TOTAL 
TABLE III 
Number of Deciduous Teeth Extracted 
and 
The Percentage of Satisfactory Results* 
Satisfactory Unsatisfactory 
Total Anesthesia Anesthesia Percent 
14 14 0 100 
10 10 0 100 
13 13 0 100 
5 5 0 100 
42 42 0 100 
*Infiltration anesthesia was the technique employed in all of 
these cases. 
TABLE IV 
Number of 
Permanent Upper Anterior and Premolar Teeth Extracted 
and 
The Percentage of Satisfactory Results* 
Satisfactory Unsatisfactory 
Total Anesthesia Anesthesia Percent 
--
Upper 
Incisors li 10 1 91 
Upper 
Canines 3 3 0 100 
Upper 
Premolars 21 19 2 
TOTAL 35 32 3 
*Infiltration anesthesia was the technique used in all of 
·these cases. 
90.5 
91. 5 
Number of 
Teeth 
Infiltration 
Anesthesia 
Block 
Anesthesia 
TABLE V 
Number of Upper Permanent Molars Extracted 
and 
The Types of Anesthesia Used 
Satisfactory Unsatisfactory Percent 
71. 
Total Anesthesia Anesthesia Satisfactory 
52 29 23 56 
29 23 6 79.5 
16 5 11 31. 5 
Number of 
Teeth 
TABLE VI 
Number of Lower Permanent Incisors and Canines Extracted 
and 
The Types of Anesthesia Used 
Satisfactory Unsatisfactory Percent 
72. 
Total Anesthesia Anesthesia Satisfactory 
40 35 5 87.5 
Infiltration 
Anesthesia 9 8 1 89 
Incisive 
Nerve 
Block 12 10 2 83.5 
Total 
Number of 
Teeth 22 
Infiltration 
Anesthesia 5 
Mental 
Nerve 
Block 13 
TABLE VII 
Number of Extracted Lower Premolars 
and 
The Types of Anesthesia Used 
73. 
Satisfactory Unsatisfactory Percent 
Anesthesia Anesthesia Satisfactory 
19 3 86.5 
4 1 80 
11 2 84.5 
74. 
86 per cent of the cases. No marked differences were observed between 
the success and failure of either infiltration or block anesthesia. 
Inferior alveolar and lingual nerve block anesthesia for extrac-
tion of lower molars were unsuccessful in all cases. Three children 
aged 8 to 12 years ahd lower permanent molars extracted using in-
filtration anesthesia and it proved satisfactory in all situations. 
Lingual infiltration anesthesia was used in these cases (Table VIII). 
Table IX demonstrates the number of permanent upper incisors, 
canines and premolars anesthetized by the jet injection for restora-
tive dentistry procedures and the percentage of satisfactory anesthesia. 
Infiltration anesthesia was the technique utilized in these cases com-
bined with palatal infiltration, greater palatine or naso-palatine 
nerve block when necessary. Anesthesia was successful in 94.5 per 
cent and only one naso-palatine nerve block was unsatisfactory. 
Posterior superior alveolar nerve block and infiltration anes-
thesia were the methods of administering anesthesia for restorative 
dentistry in the upper permanent molars. The palatal mucosa was 
anesthetized whenever necessary by infiltration or greater palatine 
nerve block, which was successful in all cases. Eighty per c~nt of 
the infiltration anesthesia was satisfactory while only 50 per cent 
of the posterior superior alveolar nerve block was satisfactory 
(Table X). 
Lower permanent incisors and canines were anesthetized using 
either infiltration or incisive nerve block anesthesia. Infiltra-
tion anesthesia of the 1 i ngua l mucosa was done whenev·er necessary. 
Number of 
Teeth 
Infiltration 
Anesthesia 
Inferior 
Alveolar and 
Lingual 
Nerve Blocks 
TABLE VIII 
Number of Permanent Lower Molars Extracted 
and 
The Types of Anesthesia Used 
Satisfactory Unsatisfactory Percent 
75. 
Total Anesthesia Anesthesia Satisfactory. 
18 3 15 16.5 
3 3 0 100 
15 0 15 0 
Upper 
Incisors 
Upper 
Canines 
Upper 
Premolars 
TOTAL 
TABLE IX 
Number Of 
Upper Permanent Incisors, Canines and Premolars 
Anesthetized by the Jet Injector 
For Restorative Dentistry* 
76. 
Satisfactory 
Total Anesthesia 
Unsatisfactory Perecent 
Anesthesia Satisfactory 
44 42 2 95.5 
12 12 0 100 
24 21 3 87.5 
80 75 5 94.5 
*Infiltration anesthesia was the technique employed in all of 
these cases. 
Number of 
Teeth 
Infiltration 
Anesthesia 
Block 
Anesthesia 
TABLE X 
Number of 
Upper Permanent Molars Anesthetized 
For Restorative Dentistry 
and 
The Types of Anesthesia Used 
77. 
Satisfactory Unsatisfactory Percent 
Total ___ An_e_s_t_h_es_i_a ___ A_ne_s_t_h_es_,_· a ___ s_a_t ,_· s_f_a_ct_o_r_._y 
27 19 8 70.5 
20 16 4 80 
4 2 2 50 
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Anesthesia was satisfactory in all cases (Table XI}. 
The Syrijet was successful in delivering local anesthetic solu-
tion for restorative dentistry in the lower premolars. Only one case 
of mental nerve block was unsatisfactory. Infiltration anesthesia 
was done when necessary to anesthetize the lingual mucosa; no failures 
were reported (Table XII}. 
Restorative dentistry in the lower permanent molars was performed 
utilizing block anesthesia except in two children where infiltration 
anesthesia was used. It proved satisfactory in both cases. 
Satisfactory infiltration anesthesia was obtained in all 
deciduous teeth anesthetized for restorative dentistry (Table XIV}. 
Inferior alveolar nerve block was unsatisfactory in the two cases 
where it was administered. 
Infiltration and block anesthesia were utilized to remove the 
pulps of teeth for endodontic treatment (Table XV). Sixty per cent 
of the failures in these cases was attributed to infiltration anes-
thesia. It is important to note here th~t all cases where anesthesia 
was unsatisfactory had acute pulpitis and satisfactory anesthesia was 
not achieved even after injection of 1.8 ml xylocaine with the syringe 
needle. 
Table XVI demonstrates the number of patients who were under-
going periodontal treatment and were anesthetized using the Syrijet. 
The failure to achieve proper anesthesia in 25 per cent in deep scaling 
and root planning was probably due to the lower dosage given (0.05 ml}. 
Also, the injection was given in the attached gingiva. Later the 
Lower 
Incisors 
Lower 
Canines 
Infiltration 
Block 
., 
79. 
TABLE XI 
Number of Permanent Lower Incisors and Canines 
Anesthetized by the Syrijet 
For Restorative Dentistry 
and 
The Types of Anesthesia Used 
Total 
Satisfactory Unsatisfactory Percent 
Anesthesia Anesthesia Satisfactory 
15 15 0 100 
3 3 0 100 
3 3 0 100 
8 8 0 100 
• 
r.iumber of 
Teeth 
Infiltration 
Anesthesia 
Block 
Anesthesia 
TABLE XII 
Number of Lower Premolars Anesthetized 
By the Syrijet for Restorative Dentistry 
and 
The Types of Anesthesia Used 
Satisfactory Unsatisfactory 
80. 
Percent 
Total Anesthesia Anesthesia Satisfactory 
20 18 l 95 
l l 0 100 
13 12 l 92.5 
Number of 
Teeth 
Infiltration 
Anesthesia 
Block 
Anesthesia 
TABLE XIII 
Number of Permanent Lower Molars 
Anesthetized for Restorative Dentistry 
and 
The Types of Anesthesia Used 
81. 
Satisfactory Unsatisfactory Percent 
Total Anesthesia Anesthesia Satisfactory 
7 2 5 28.5 
2 2 0 100 
5 0 5 0 
TABLE XIV 
Number of Deciduous Teeth 
Anesthetized by the Jet Injector 
For Restorative Dentistry 
and 
The Types of Anesthesia Used 
82. 
Satisfactory Unsatisfactory Percent 
Total Anesthesia Anesthesia Satisfactory 
-- - - --- -- - - ---------------~ 
Upper 
Teeth 6 6 0 100 
Lower 
Teeth 19 17 2 89.5 
Infiltration 23 23 0 100 
Inferior al-
veolar nerve 
block 2 0 2 0 
Number of 
Teeth 
Infiltration 
Anesthesia 
Block 
Anesthesia 
TABLE XV 
Number of Teeth Treated Endodontically 
Using the Syrijet to Provide Local Anesthesia 
and 
The Types of Anesthesia Used 
83. 
Satisfactory Unsatisfactory Percent 
Total Anesthesia Anesthesia Satisfactory 
13 8 5. 61.5 
9 6 3 66.5 
4 2 2 50 
Deep Scaling 
and Root 
Planning 
Subgingival 
Curettage 
Gingivectomy 
TOTAL 
84. 
TABLE XVI 
Number of Patients Having Periodontal Therapy 
Who Were Anesthetized With the Syrijet 
and .. 
The Percentage of Satisfactory Results 
Satisfactory Unsatisfactory 
Total Anesthesia Anesthesia Percent 
12 9 3 75 
3 3 0 100 
6 6 0 100 
21 18 3 85.5 
. ---
--- -------. 
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technique was modified and a large dose (0.2 ml) was given at the 
mucogingival junction which proved satisfactory. 
Local anesthesia delivered by the Syrijet for soft tissue surgery 
was satisfactory in all cases (Table XVII). 
Table XVIII summarizes the different tyoes of local anesthesia 
given with satisfactory and unsatisfactory results in each category. 
It was found that the inferior alveolar nerve block was unsatisfac-
tory in all cases. The posterior superior alveolar nerve block was 
satisfactory in only 35 per cent of the cases. The greater palatine 
nerve block was successful in 98.5 per cent, the naso-palatine in 96 
per cent and the long buccal in 100 per cent. The mental nerve block 
was successful in 87 per cent of the cases while the incisive nerve 
block was successful in 82 per cent. 
It was necessary to divide infiltration anesthesia into several 
categories because of the difference in dosage and application: 
1. Infiltration anesthesia of hard and soft tissues as used for ex-
tractions or restorative dentistry. Anesthesia was considered 
satisfactory in 92 per cent of the injections. 
2. Infiltration anesthesia prior to needle insertion. It was 
successful in all cases. 
3. Soft tissue, infiltration anesthesia for soft tissue procedures 
as gingivectomy, anesthesia of the lingual mucosa in conjunction 
with mental or incisive nerve block, anesthesia of the mucosa 
overlying an abscess and anesthesia of the cheek mucosa prior to 
surgery. This was also successful in all cases : 
Abscess 
Incision 
Soft tissue 
Surgery 
Infiltration 
Total 
6 
3 
9 
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TABLE XVII 
Effectiveness in Soft Tissue Surgery 
Satisfactory Unsatisfactory Percent 
Anesthesia Anesthesia Satisfactory 
6 
3 
9 
0 
0 
0 
100 
100 
100 
Anesthesia 
Posterior 
superior al-
veolar nerve 
block 
Greater pala-
tine nerve 
block 
Naso-palatine 
nerve block 
Inferior al-
veolar and 
lingual nerve 
block 
Long buccal 
nerve block 
Mental nerve 
block 
Incisive 
nerve block 
Infiltration 
Anesthesia 
--Soft tissue 
prior to 
needle in-
sertion 
--Soft tissue 
--For perio-
dontal 
therapy 
--Soft and 
hard 
tissue 
TABLE XVIII 
Methods of Local Anesthesia Applied 
and 
The Percentage of Satisfactory Results 
Unsatisfactory 
87. 
Satisfactory 
Total Anesthesia Anesthesia Percent 
20 7 13 35 
63 62 1 98.5 
26 25 1 96 
17 0 17 0 
20 20 0 100 
38 33 5 87 
22 18 4 82 
1130 961 167 85 
217 217 0 100 
132 132 0 100 
460 316 144 68.5 
321 296 23 92 
.. 
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4. Infiltration anesthesia for periodontal therapy, such as sub-
gingival curettage and deep scaling and root planning. The jet 
injector was successful in delivering local anesthesia in 68.5 
per cent of the injections. 
Table XIX demonstrates the complications which were observed 
following jet injections. 
Laceration of the oral mucosa was seen in the early phase of 
Syrijet use and was due to slipping of the instrument at the time of 
injection, mainly because the site of injection was not completely 
dry. Movement of the patient's head at the time of injection could 
also cause laceration, but it was found that if the area was · completely 
dry and the instrument held firmly against the tissues, no laceration 
occurred. The wound was about 2-3 mm in length and healed unevent-
fully in all cases. Also, in the early phases of use bleeding from 
the site of injection was noticed. No recordings of the bleeding 
was done later for various reasons: 
1. It was found that manipulation of the tissues after the injec-
tion was given could produce more bleeding. 
2. When the site of injection was changed from the buccal sulcus 
to one or two millimeters apical to the mucogingival junction 
the amount of bleeding was much reduced. 
3. Needle injections might cause bleeding from the site of injec-
tion as well. 
4. Assessing the quantity of bleeding would be impractical for this 
study. 
Number of 
Patients 
Percentage 
TABLE XIX 
Complications Following Jet Injections 
Laceration 
Pain at of the Oral 
Injection..2.1_t_e~~-Mucosa Ecchymosis 
53 24 15 
21 9.5 6 
Hematoma 
2 
0.8 
90. 
5. The amount of bleeding was minimal, stopped easily by pressure 
pack, and of no serious consequence. 
Twenty-one per cent of the patients reported pain at the injec-
tion site for variable periods of time ranging from one to three 
days. Sometimes it was difficult to assess whether the pain was from 
the injection site or from the operative procedure. Slight ecchymosis 
of the oral mucosa was seen in six per cent of the patients. It was 
about five millimeters in diameter and of no serious consequence. 
Patients were advised to use hot mouth wash and on the following 
visit, inspection of the area did not reveal any abnormal findings. 
Only two patients had post-injection hematomas, with swelling of the 
cheek. Both had hematomas, one (a 12 year old child) following 
posterior superior alveolar nerve block, and the other (a 56 year 
old ·female) following a me11tal nerve block. No infection was re-
ported in either and the swelling subsided in one week. 
In evaluating the answers given by the patients on the question-
naires, it was decided not to include the sheets where all of the 
questions were not answered. Also, all questionnaires from patients 
who had never had needle injections were excluded from the analysis 
of the data. 
Tables XX and XXI contain an analysis of the answers of 209 
patients who fulfilled the above requirements. Careful question-
ning of the patients who felt pain during the procedure revealed 
that some of them reported the pain during the injection, and some 
. 
during the testing of anesthesia. A few patients reported the 
TABLE XX 
Patients' Responses to Questionnaire* 
Number of patients who 
had needle injections 
before 
Number of patients who 
reported that needle 
injections were 
painful 
Number of patients who 
had had jet injections 
before 
Number of patients who 
reported that jet in-jections were painful 
Number of patients who 
preferred the jet 
injection 
Number of patients who 
preferred the needle 
injection 
Number of patients who 
had no preference 
Number of patients who 
felt pain during the 
operative procedure 
Number of 
Patients 
I 209 
117 
49 
39 
155 
35 
19 
35 
Percentage 
100 
56 
23.5 
19 
74 
17 
9 
16.5 
*Two hundred and nine patients answered all questions. 
" 
92. 
TABLE XXI 
Patients' Preference According to Age 
Jet 
~~A_..._ge"'-------___;I;;..;,.n;.x..jections 
4 - 8 
9 - 12 
13 - 16 
17 - 20 
Over 21 
87.5 
78 
82.5 
72.5 
66.5 
Needle 
Injections Undecided :...;..;;.~ __ _:.,;_;_;;.,;;;...:...;...~.--
4 
13 
13 
23 
17. 5 
8.5 
9 
4.5 
4.5 
16 
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pressure felt. during tooth luxation as pain. Others reported that the 
noise felt from the air turbine was uncomfortable and described it 
as pain. 
DISCUSSION 
The results seen in the histological sections obtained from the 
animals in Group 1 demonstrated an acute inflammatory response to both 
the needle and jet injection techniques. The initial reaction of the 
tissues to both methods of injection substantiates those described by 
Bell et aZ. (1971), Bennett, Mundell and Manheim (1971) and Ikehara et aZ. 
(1972). The reaction was consistent with the tearing of the underlying 
connective tissue with dilation and engorgement of the blood vessels in 
the region. It was impossible to discern whether the disruption of the 
tissues was due to the inflanmatory fluid exudates, the solutions in-
jected or a combination of both. Comparisons between tissue responses 
produced by needle and jet injections showed the inflanmatory reaction in 
the former to be more localized and in the latter, more diffuse. The 
cause of the inflammatory reaction with the jet technique could be 
attributed to the disruption of the tissues from the force of penetration 
of the injected fluid. With needle injection, however, the cause may be 
a tissue disruption when the injection is administered rapidly, the 
passage of the needle itself, or a combination of both. 
It also has been shown in this study that with both injection tech-
niques epithelial tissue may be forced into the underlying connective 
tissue. Gibson and Norris (1958) and Cawson (1959) have demonstrated 
that displaced epithelial cells in the connective tissue could occur with 
needle injections. The fate of the displaced epitheiial tissues has not 
been well investigated. Toller {1967) and Thompson {1960) have shown 
that buried epithelial elements following skin grafts first form 
94. 
95. 
micro-cysts which later degenerate. There is always a possibility, however, 
that these epedermoid cysts may not degenerate and will continue increas-
ing in size until they produce clinical manifestation. From practical 
experience, however, it is apparent that these displaced epithelial cells 
either lie dormant or degenerate. This is amply demonstrated by the fact 
that millions of injections are administered daily by dental and medical 
practitioners and epidermoid cysts are seen only occasionally in medical 
practice and almost never in dental practice. 
Resolution and healing with both injection techniques usually occurs 
within 24 to 48 hours, but may last for a longer period of time in some 
cases depending upon the extent to which the tissues are traumatized. As 
there was no marked differences in the tissue reaction in different sites 
of injection, one can conclude that the amount of trauma produced by a 
particular technique is that which elicits the difference in response. 
It must be emphasized, however, tha~ the inflammation seen was always 
confined to the soft tissue areas and there was no evidence at any time of 
inflammation or hemorrhage either underneath the periosteum or within the 
bone. 
It has been demonstrated by Figge and Barnett (1947), Hughes et aZ. 
(1948), Stephens and Kramer (1964) and Bennett et aZ. (1971) that in-
advertant intravenous injection is theoretically possible, yet for some 
unknown reason does not happen. This has been substantiated in this 
investigation by the India ink injection, as India ink particles were 
never seen in the lumen of blood vessels but rather in the connective 
tissues surrounding these structures. This is possibly due to the 
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sliding away of the vessels from the main stream of the jet or to the 
strong barrier presented by the connective tissue of the adventitia of 
blood vessels and the perineurium of nerves, which the jet stream cannot 
easily perforate after it has lost its velocity following tissue 
penetration. 
The observations made from rat specimens injected with India ink 
were similar to those reported by Stephens and Kramer (1964) and Whitehead 
and Young (1968} from their autopsy material. Jet injections of India ink 
showed lateral spread immediately following penetration of the surface 
epithelium, yet, the main stream was still penetrating deeper into the 
tissues. Lateral spread was more obvious in the loose aereolar connec-
tive tissue beneath the dermis. The spread in the muscles was seen in the 
connective tissue between the muscle bundles indicating that injected 
material invariably follows the path of least resistance. The inflammatory 
response observed in animals injected with saline followed the same pat-
tern. It was also apparent that the subcutaneous tissues could accommodate 
a certain quantity of fluid when injected with the Syrijet. If this volume 
is increased the tissues will not accept the excess quantity rapidly 
enough, so it will bounce away from the surface without penetrating the 
tissues. The quantity of injected material which any tissue can accommo-
date depends largely on the site of injection and how adherent the under-
lying tissue is. A good example was observed in injections administered 
over the parietal bones. When any quantity in excess of 0.05 ml was in-
jected, some of the solution would not penetrate the tissues and re-
bounded from the surface. The technique of vital dye staining has been 
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utilized by Williams and Frantz (1948), Williams (1948) and Stallard 
(1962) to trace injury and repair. They concluded that when vital dyes 
become bound to damaged tissues and cells, they are not dissolved by the 
various solvents used during preparation of histological sections. Exam-
ination of unstained histological sections obtained from animals that re-
ceived intraperitoneal injections of two per cent trypan blue showed that 
some connective tissue and muscle fibres retained the blue coloration. 
The intensity of the vital dye stain becomes less obvious with the passage 
of time. In another instance where trypan blue was injected directly 
into the tissue some of the superficial muscle fibres and connective tis-
sue fibres were intensely stained with the dye. Intramuscular trypan blue 
injections with the needle showed intense staining of those fibres di-
rectly related to where the needle passed and the solution was deposited. 
The distribution of the heavily stained fibres conforms roughly with those 
tissues that retained the trypan blue injections discussed previously. 
These observations demonstrate that some damage of muscle fibres and 
connective tissue fibres does occur within the line of penetration of both 
needle and jet injection. 
From the examination of the results of the clinical trial it was 
possible to discern a pattern in the effectiveness of local anesthesia 
administered by the jet injection for nerve block anesthesia. Deeply 
placed nerves such as the inferior alveolar and the posterior superior 
alveolar, were difficult to anesthetize. Satisfactory anesthesia was 
never obtained with the former and was obtained in only 35 per cent of 
the latter. These results disagree with those reported by Margetis et ai . 
• 
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(1958} and Schmiot (1966}. These investigators used larger volumes of 
anesthetic (0.66 to one milliliter) than that used in the present inves-
tigation. The other reason for failure to anesthetize these nerves could 
be due to the difficulty in directing the solution inside the tissues 
once it had penetrated. Superficial nerves, such as the long buccal, 
greater palatine, and naso-palatine, were anesthetized successfully in 
100, 98.5 and 96 per cent respectively. The results were not as en-
couraging with nerves less superficial, e.g. the mental and incisive nerves, 
where satisfactory anesthesia was achieved in 87 and 82 per cent 
respectively. Similar observations were reported by Bennett and Manheim 
(1971} and Pollock et aZ. (1971). 
Epstein (1966} has shown in his autopsy studies that the manner in 
which the solution localizes is related to the resistance that it meets 
in passing through the tissues. He also showed that if the injection was 
made directly over the greater palatine foramen the solution can travel 
as fare as the base of the skull due to the minimal resistance. Therefore, 
it is essential to localize the foramina where the injection is given 
with the utmost care. Careful consideration was given to position the 
tip of the Syrijet in direct relationship with the foramen and at an angle 
conforming with the direction in which the foramen opened. This was done 
in order to insure that the jet spray would penetrate the foramen and the 
solution become localized as deep as possible to insure maximum anes-
thetic efficiency. 
Local infiltration anesthesia is a term used to describe a tech-
nique whereby the anesthetic solution is deposited in the tissues 
covering the operative site or very close to it, and by diffusion of the 
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solution throughout the area it renders the terminal nerve fibre insensi-
ble. The technique has different applications in the oral cavity de-
pendening on whether soft or hard tissue anesthesia is desired, e.g. if a 
tooth is to be extracted, both soft and hard tissue anesthesia is required; 
on the other hand, gingivoplasty requires anesthesia of the soft tissues 
only. Therefore, it was necessary to divide local infiltration anesthesia 
into different categories depending on the requirements for administra-
tion. Soft and hard tissue infiltration were required for tooth extrac-
tions and restorative dentistry procedures in the upper and lower decid-
uous and permanent teeth. Failure to achieve satisfactory infiltration 
anesthesia of the soft and hard tissues was reported in eight per cent 
of the cases. These failures were all associated with permanent teeth, 
mostly upper molars, followed by lower premolars, lower incisors and the 
fewest failures were reported with the upper permanent incisors, canines 
and premolars. These results confirm those reported by Bennett and 
Manheim (1971), Epstein (1971) Schmidt (1966) and Margetis et al. (1968). 
The volume of anesthetic given in these cases was 0.2 ml on the buccal or 
labial side and 0.5 ml on the lingual or palatal side; a second dose of 
the same quantity was given if necessary. It would be interesting to 
compare the percentage of failures with the needle injection using simi-
lar dosage. 
Infiltration of the soft tissues with 0.5 ml xylocaine for perio-
dontal therapy was satisfactory in 85.5 per cent of patients. No fail-
ures were reported in patients who were having gingivectomy or subgingival 
. 
curettage. Twenty-five per cent of patients who were having deep scaling 
and root planning reported pain during instrumentation. These results 
10(). 
substantiate those reported by Kutscher and Zegarelli (1965) and Bennett 
and Manheim (1971). This was found to be a result of insufficient anes-
thesia of the tooth. When the site of injection was changed to 1-2 mm 
apical to the muco-gingival junction instead of the interdental papilla 
and the dose was changed to 0.2 ml instead of 0.05, the anesthesia was 
found to be satisfactory for the procedure. 
Infiltration anesthesia of the soft tissues prior to needle injec-
tion has been studied by Kutscher et aZ. (1964), Kutscher and Zegarelli 
(1965), Epstein (1971) and Arefian et aZ. (1972). Except for Arefian 
et aZ. (1972), all other investigators reported no failures with the 
technique. Arefian et aZ. (1972) reported failures in most of his cases. 
The technique utilized in his experiment for most of his patients was to 
hold the tip 1-3 mm from the oral tissues. This technique will allow the 
solution to bounce off the surface of the tissues and prevent penetration. 
In addition, no data on the percentage of success of the technique, when 
the tip was in contact with the mucosa, was presented. The results of 
the present investigation confirm those reported by Kutscher et aZ. 
(1964), Kutscher and Zegarelli (1965), Garellek (1967), Whitehead and 
Young (1968) and Bennett and Manheim (1971). 
All the above-mentioned investigators termed the technique of 
anesthesia of the soft tissues prior to needle injection "topical anes-
thesia." The term "topical anesthesia" means anesthetizing the free 
nerve endings by applying a suitable solution directly to the surface 
area (Roberts and Sowray, 1970, Monh~im, 1969, and Archer, 1958). As 
the solution in this technique is deposited submucosally or subcutaneously 
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and not applied to the surface, the term is a misnomer. Therefore the 
term "topical anesthesia" was not used in the present investigation to 
describe the technique but rather was described as "soft tissue infil-
tration anesthesia." Pollock et aZ. (1971), Bennett and Manheim (1971) 
and Epstein (1971) have demonstrated that because of the insufficient depth 
of anesthesia and the shorter duration of time, the jet injection technique 
is not suitable for complicated extractions and any procedure which is 
time consuming. The present clinical trial supports this view. Anes- · 
thesia was not satisfactory in 38.5 per cent of the cases where pulpec-
tomy was performed; also it was unsatisfactory for surgical extractions 
of fractured roots. In these cases and in cases where prolonged cavity 
preparation was performed, a supplementary needle injection of 1.8 cc of 
two per cent xylocaine solution was necessary. 
Complications following jet injections were similar to those re-
ported by Kutscher and Zegarelli {1965), Kutscher (1965), Garellek (1967) 
and Epstein (1971), namely, laceration of the oral mucosa, pain at the 
site of injection, ecchymosis and hematoma formation. Laceration of the 
oral mucosa was observed only in the very early stages of using the 
instrument and was due to slipping of the instrument ctt the time of in-
jection, or placement of the tip of the instrument at an angle to the 
oral mucosa. It has been found that air-drying of the site of injection 
before placing the instrument prevented its slipping at the 'time of in-
jection. Also holding the instrument firmly against the tissue and at 
right angles to the oral mucosa prev~nted the occurance of these lacera-
tions. Ecchymosis and hematoma were observed only in those cases where 
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the site of injection was the loose aereolar tissues of the buccal sulcus. 
When the site of injection was changed to 1-2 mm apical to the mucogingi-
val junction, where the amount of loose aereolar connective tissues was 
not great, no ecchymosis or hematomas were observed. No difference in 
the effect of anesthesia was observed when the site of injection was 
changed. Post-injection pain at the injection site was reported in 21 
per cent of the patients and was of no consequence. It would be inter-
esting to note the number of post-injection pain reactions following 
needle injections. 
A positive correlation between the results of the animal investiga-
tion and what occurs in humans is not distinct for two reasons: 
1. The tissues through which the injections were given are 
different both biologically and histologically, and 
2. A defect inherent in all animal experiments is that it does not 
follow that whatever occurs in animals will occur in humans. 
One can presume however, that following injection, whether needle 
or jet, the solution will spread along pathways of least resistance. The 
bleeding at the site of injection could be due to the rupture of tissues 
from the passage of the jet streams or needle, the amount depending on 
the extent to which the tissues were traumatized. Acute inflammatory 
reaction will follow, with severity depending on the amount of tissue 
trauma. It is also apparent that various tissues can accommodate acer-
tain quantity of solution when delivered by the jet technique, depending 
on how tight the superficial layers ~re bound to the underlying struc-
tures. Therefore it is reconmended that in tightly bound tissues, such 
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as the attached gingiva, palatal and lingual mucosa, not more than 0.05 
ml of solution should be injected. It has been shown in this investiga-
tion and in studies reported by Figge and Barnett (1947), Stephens and 
Kramer (1964), and others that inadvertant intravenous injections are 
very unlikely to occur. It was shown in the present study that solutions 
injected supra-periosteally by the jet or needle techniques will not 
penetrate the periosteum and one has to rely on the diffusion of injected 
material subperiosteally if anesthesia of the hard tissues is required. 
Injections of trypan blue and India ink by both techniques have demon-
strated a more intimate relationship between the injected solution and the 
tissues with the jet technique. It has also been demonstrated that 
following skin penetration there is more lateral spread into ther dermis 
following jet injections than needle injections. These factors might 
explain the rapidity with which injections of local anesthetics by the 
Syrijet become effective, almost immediately following the injection. 
Patients' response to the technique of injection would seem to be 
related to both age and intelligence quotas along with previous experi-
ence and memory associations. All patients, where answers were analyzed 
in this investigation, had at some time or another experienced needle 
injections to anesthetize their teeth. Nearly a quarter of them had 
also experienced jet injections of local anesthesia. From Tables XX 
and XXI it can be seen that the patients' stated preference ·for jet in-
jections versus needle injections was very encouraging -- only 17 per 
cent would have preferred a needle injection. Children's acceptance of 
jet injection techniques was most surprising and illuminating as 87.5 
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per cent of the children between the ages of 4 and 8 preferred it to 
needle injections, while 66.5 per cent of adults also stated their pref-
erence for it. Similar observations were reported by Whitehead and 
Young (1968) and Schmidt (1966). These results, however, do not substan-
tiate the observations reported by Arefian et aZ. (1972). They reported 
that patients' acceptability was poor and that 60.5 per cent of their 
patients were apprehensive. In their experiment the anesthetic solution 
was injected while the instrument was held 1-3 mm away from the oral 
mucosa in most patients. Using this technique the solution will not 
penetrate tissues and will bounce away from the surface. The taste of 
the local anesthetic, as well as the lack of anesthesia for the ensuing 
procedure may have discouraged most of these patients from jet injections. 
Pain is a localized sensation of discomfort or distress resulting 
from the stimulation of specialized nerve endings. This sensation is a 
protective mechanism that warns of danger without giving too much infor-
mation about the specific nature of this danger. The patient's reaction 
and his interpretation of this sensation is variable from one person to 
the next and may vary in the same person from time to time depending on 
his emotional status, fatigue, time of day and other such factors. There-
fore, it was very difficult to analyze the patients' answers to the type 
of pain experienced from the injection or procedure; however, Wolf and 
Wolf (1948) point out that the simplest method of yield reproducible data 
is by verbal reports from stimulated subjects. Hence it was interesting 
to note that while 56 per cent of the patients experien~ed pain with 
needle injections only 19 per cent reported the sensation of any pain 
with jet injections. Careful questionning of these patients revealed 
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that the painful sensation experienced was a slight "sting" or "pinch." 
The reactions experienced by some of these patients could have been 
merely a withdrawal pattern in anticipation of some form of unexpected 
painful stimulus. These findings substantiate those of Schmidt (1966), 
Whitehead and Young (1968), Garellek (1967) and Bennett and Manheim 
( 1971) • 
• 
SUMMARY AND CONCLUSIONS 
An animal investigation and a clinical trial were conducted to 
study injections delivered by the jet technique. Tissue reaction and 
penetration characteristics of jet and needle injections were studied 
on 30 adult rats divided into four groups. Group 1 of 18 rats was in-
jected with saline and sacrificed two at a time immediately and at 1, 2, 
3, 4. 6, 12, 24 and 48 hour intervals. Group 2 of 8 rats was injected 
with saline and sacrificed one at a time at 2, 3, 4, 6, 12, 24 and 48 
hours. This group received an intraperitoneal injection of one milli-
liter of two per cent trypan blue at half-hourly intervals for a total of 
three injections and the animals were sacrificed half an hour after the 
last injection. One rat did not receive saline injection and was used as 
a control Group 3 of 2 rats was injected with one per cent trypan blue 
and sacrificed immediately. Group 4 of 2 rats was injected with India 
ink and sacrificed immediately. 
The results of this investigation have shown that following either 
injection technique, the injected solution follows the paths of least 
resistance in the tissues causing their dissruption. Both injection tech-
niques cause hemorrhage and displacement of epithelial cells within the 
connective tissue. Needle and jet injections both elicit an acute 
inflammatory response in the underlying tissues, the severity of which 
depends on the degree of trauma induced. The inflammatory reaction ob-
served following needle injection was more localized than that seen 
following jet injections. Resolution · usually occurred within 24 to 48 
hours depending on the extent to which the tissues were traumatized. 
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Histological specimens following India ink injections have sub-
stantiated the concepts of Figge and Hughes (1947), Stephens and Kramer 
(1964) and others that although inadvertant intravenous injection is 
possible when using jet injectors, it is most unlikely to occur. India 
ink particles were seen surrounding blood vessels and nerves but never 
within the lumen of the vessels. This is possibly due to the sliding 
away of the vessels from the main stream of the jet or the strong 
barrier presented by the connective tissue of the adventia of blood 
vessels and perineurium of nerves which the jet stream cannot easily 
penetrate after it has lost its velocity following tissue penetration. 
Examination of histological sections obtained from animals injected 
intraperitoneally with trypan blue have demonstrated some damage to 
connective tissue and muscle fibres with both injection techniques. The 
damaged fibres are those related to the pathway of the jet stream or needle 
as seen from specimens obtained from animals where trypan blue injections 
were given instead of saline. 
The clinical trial was carried out on 250 patients aged 6 to 72 
years undergoing various dental procedures. Evaluation of the instru-
ment's effectiveness as the sole means of providing local anesthesia for 
various dental procedures was carried out by an analysis of the replies 
to two questionnaires answered by both the operator and the patient. 
Analysis of the data reported by the operator revealed that jet injection 
technique was satisfactory for extraction and restorative dentistry pro-
cedures on all deciduous teeth, when , infi tration anesthesia was 
utilized. Infiltration anesthesia of the upper anterior and premolar 
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teeth for extractions and restorative dentistry procedures was satis-
factory in over 90 per cent of the times it was administered, while in-
filtration anesthesia of the upper molars showed satisfactory results in 
80 per cent. The results of satisfactory infiltration anesthesia reported 
for extraction of permanent lower anterior and premolar teeth was over 
80 per cent and better results were obtained for restorative dentistry 
procedures. 
The reported variation between children and adults, and upper versus 
lower teeth may be explained by the variation in the thickness and con-
stitution of the outer cortical plate of bone. This variation in the 
thickness of the cortical plates may also explain the better results re-
ported in infiltration anesthesia for restorative dentistry procedures as 
the depth of anesthesia required for these procedures is not as great as 
that required for extractions. 
Block anesthesia of deeply placed nerves was not satisfactory in 
ca e&., the inferior alveolar nerve was never anesthetized satis-
factorily and the posterior superior alveolar was anesthetized satis-
facily in only 35 percent of the times administered. This could be 
attributed to the impossibility of directing the path of solution once 
it has penetrated the tissues. The limited depth of penetration or the 
small volume of anesthetic solution delivered could also be a factor. 
Superficial nerves however were blocked satisfactorily in most cases, 
the long buccal in 100 per cent, the greater palatine in 98.5 per cent and 
the naso-palatine in 96 per cent. Nerves which are not as superficial 
such as the mental and incisive nerves were anesthetized in 87 and 82 per 
cent of the times administered respectively. 
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Infiltration anesthesia for soft tissue surgery or prior to needle 
insertion was satisfactory in 100 per cent of the cases where it was 
administered. Infiltration anesthesia for periodontal therapy was satis-
factory in 75 per cent of the patients. All cases where anesthesia was 
not satisfactory were reported in patients who were having deep scaling 
and root planning. The unsatisfactory results reported were found to be 
related to faulty technique by the operator in administering the anes-
thetic using the jet injector. When the technique was corrected no 
further unsatisfactory results were reported. 
Anesthesia produced using the jet injector proved to be satis-
factory in only 61 per cent of teeth that were treated for endodontic 
procedures. The failures in these cases could be attributed to the lower 
depths of anesthesia obtained when using the Syrijet as the quantity 
injected was limited to a maximum of 0.2 milliliters. The failures were 
reported in those teeth that had acute pulpitis. 
Complications reported following jet injections were pain at the 
injection site in 21 per cent of the patients, minor laceration of the 
oral mucosa in 9.5 per cent, ecchymosis in 6 per cent, and two patients 
had post injection hematomas. 
Analysis of the patients' questionnaires showed that while 56 per 
cent of the patients reported pain with needle injections, only 19 per 
cent reported any pain with the jet technique. Seventy-four per cent 
of the patients stated a preference for the jet technique for delivering 
local anesthesia, 17 per cent stated a preference for ~he needle injec-
tions and 9 per cent had no preference. 
11 O. 
In conclusion the data presented in this in\1.est igation demonstrated: 
1. Injected solutions follow lines of least iesistance in the 
fascial planes. 
2. Both injection techniques produced simil ~, inflammatory re-
sponses in the underlying tissues, the se.1.erity of which 
depends on the amount of trauma or damage t o t.hese tissues. 
3. Inflammatory reaction was more localized w·i th needle injections 
than that observed with jet inject~ -· s. 
4. Adventitia of blood vessels, perineurium f nerves and perios-
teum apparently form a barrier that the j r t stream cannot easily 
penetrate after it has lost its velocity ilollowing the pene-
tration of the tissues. 
5. The am unt of loose a,"! reolar cc.n•1cct ive .jj;s sue present sub-
cutaneously at the inj ection site dete r~i1ed the volume which 
may be ac.corr~11oda t ed by the tissues . 
6. Jet injections were useful for many rout~e dental procedures 
in adults, especially those requiring irifi •ltration anesthesia 
or block anesthesia of superfici al nerve~. 
7. Jet injection techniques are not useful fur anesthetizing 
deeply situated nerves such as the infer i.-rr alveolar and 
posterior superior alveolar 11erves. 
8. Prolonged procedures and surgical extractions need to be 
supplemented by needle syringe injections in most cases . 
. 
9. The technique of jet injection was useful for routine pedo-
dontic treatment. This is based upon the hi gl1 rate of 
1 1 l • 
successful infiltration anesthesia administered by the jet 
injector and the patients stated preference for the technique. 
10. Jet injectors are useful instruments for delivering local 
anesthetics prior to needle insertions and for minor soft 
tissue surgery. 
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APPENDIX 
JET INJECTION STUDY 
Form Number I 
Patient's Name _________________ Age ____ _ 
Chart# Code# 
--------- ----
1. Have you ever had a needle injection to anesthetize your teeth? 
Yes No 
--
2. Was the injection painful or objectionable? 
Yes No 
--
Comments: 
--
----- ----
3. Have you ever had a jet injection to anesthetize your teeth? 
Yes No 
--
4. Was the injection painful or objectionable? 
Yes No 
--
·Conunents 
--
-------
5. Which would you prefer for future dental treatment? 
Jet Injection Needle Injection 
--
6. Did you feel any pain during this procedure? 
Yes No 
--
S1gnature 
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JET INJECTION STUDY 
Form Number II 
118 
Patients's Name Chart# Code# 
----- - - - - - --- -----
Dentist's Name Date 
------ - ---- --- ---------
Procedure 
-------------------
---- - -- ---- ---- - - - --- - - -
Number of lnjections _____ ____ Quantity Given/Injection __ _ 
Area of Injection 
----------- - - --------
Type of Injection (Describe Technique) ______________ _ 
--------- --
-------·-----------------
In your opinion was the anesthesia superior, satisfactory, or unsatis-
factory for the procedure? 
Remarks: 
• 
